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This  handbook  documents  the  results  of  a  study  in  which  the  objectives 
were  to  provide  additional  analvsis  methods  of  aircraft  brake  systems  and 
to  provide  the  computational  software  to  compute  brake  energy  during  air¬ 
craft  brake  testing.  It  is  not  a  manual  on  how  to  do  every  t'fr>e  of  testing, 
nor  does  it  cover  all  analysis  methods  possible. 

Because  brake  testing  is  one  of  the  potentially  more  hazardous  tvnes 
of  testing  done  at  the  AFFTC,  control  of  the  testinq  is  vital.  A  large  part 
of  this  control  is  through  a  build-up  sequence  approaching  the  brake  svstems 
upper  energy  and  temperature  limits,  as  defined  bv  the  manufacturer  or  tech¬ 
nical  order.  The  purpose  of  this  handbook  is  to  provide  a  methodology  which 
will  allow  brake  testinq  to  safely  conducted  closer  to  these  limits. 

Basically,  the  tvnes  of  data  analvsis  can  be  divided  into  three  areas; 
operational  capability  assessment,  program  control,  and  brake/antiskid  sys¬ 
tems  analysis.  The  first  consists  of  analvzina  data  which  is  of  greatest 
interest  to  the  user.  It  includes  fliqht  manual,  maintenance,  and  wear  data. 
Program  control  data  is  used  to  monitor  the  test  program  bv  developing  trend 
information.  System  analysis  provided  an  internal  view  into  the  working  of 
the  system  and  can  best  provide  the  information  for  problem  solving  and 
determining  system  limits. 
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THEORY 


AIRCRAFT  STOPPING  PROCESS 

The  process  of  stopping  an  aircraft  is  one  of  energy  conversion.  The 
kinetic  energy  of  the  aircraft  at  the  start  of  slowing  is  converted  to 
other  forms  of  energy.  One  of  the  prime  pieces  of  information  needed  in 
conducting  brake  tests  is  the  amount  of  energy  absorbed  by  the  brakes. 
Looking  at  the  major  forces  acting  upon  the  aircraft,  as  shown  in  Figure  1, 
we  can  see  that  we  have  the  following  energy  sources  to  account  for: 

1.  The  kinetic  energy  of  the  aircraft  at  the  beginning  of  the  stoo: 

K.E,  =  *smV2  or  ^w/qV2 

where : 

K.E.  =  kinetic  energy,  ft.-  lbs. 
m  =  mass  of  aircraft,  lbs.  mass. 

V  =  aircraft  inertial  speed,  ft/sec. 
w  -  aircraft  gross  weight,  lbs. 
g  =  constant  for  gravity,  ft/sec2. 

2.  The  kinetic  energy  added  to  or  extracted  from  the  aircraft  by  the 
thrust  of  the  propulsion  system  during  the  stop. 

3.  The  kinetic  energy  absorbed  by  aerodynamic  drag,  including  drag 
chute  if  used,  during  the  stoo. 

4.  The  kinetic  energy  absorbed  by  wheel  brakes  during  th*  ston. 

These  are  the  major  enerqy  terms.  Such  factors  as  energy  absorbed  in 
tire  flexing,  tread  wear,  and  runway  slone  have  been  neglected,  due  to  their 
small  magnitude.  Runway  slon-^  can  he  imoortant  if  the  testing  is  not  done 
on  a  nearly  level  runway. 


FIGURE  I  FORCES  ON  AIRCRAFT  DURING  LANDING 


I 


Figure  2  from  Reference  1  illustrates  the  typical  variation  of  the 
various  forces  acting  on  the  aircraft  throughout  the  landing  roll.  It  is 
assumed  that  the  aircraft  is  at  essentially  constant  positive  angle  of 
attack  from  the  point  of  nose  wheel  touchdown?  C and  C  are  constant  and 
the  forces  of  lift  and  drag  vary  as  the  snuare  of Jthe  velocity.  Thus,  lift 
and  drag  will  decrease  linearly  with  q  or  V2  from  the  start  of  stooning. 

If  angle  of  attack  is  negative,  additional  down  force  would  be  added  to  the 
weight  acting  on  the  wheels.  If  the  brak Lnq  coefficient  is  maintained  at 
the  maximum  value,  this  maximum  value  of  the  coefficient  of  friction  (dry 
runway)  is  assumed  to  be  essentially  constant  with  speed  and  the  braking 
friction  force  will  vary  as  the  normal  force  on  the  wheels  annroaches  the 
weight  of  the  aircraft. 


FIGURE  2  VAKLATT'JN  OF  FOP.C*c  PUPLNG  LANDING  U, 


In  testing  the  aircraft  brakes,  accountina  must  be  made  for  the  enerqv 
dissipated  by  aircraft  drag  and  the  energy  added  to  the  brakes  due  to  enaine 
thrust.  Wind  will  also  add  or  subtract  brake  enerav  denending  uoon  direc¬ 
tion.  A  cross  wind  component  can  also  create  asymmetric  lift  and  dm 
causing  nonsymmetric  brakinq.  Therefore,  brake  testinn  should  be  limited 
to  low  wind  conditions. 

Aerodynamic  brakinq  can  also  be  effective  immediately  after  main  wheel 
touchdown  for  some  aircraft.  Some  delta  wing  aircraft  mav  shorten  total 
landing  roll  by  maintaining  a  nose-high  attitude  and  conseouently  high 
aerodynamic  drag  at  high  speeds  immediately  after  touchdown.  Aerodynamic 
brakinq  is  particularly  effective  durina  low  friction  runvviv  conditions. 

For  most  aircraft  and  runway  conditions,  the  aircraft  brakes  furnish 
the  most  powerful  means  of  deceleration.  While  details  of  brakino  systems 
vary  for  each  system,  there  are  various  fundamentals  which  ar°  common  to 
all  systems. 


Friction  is  the  resistance  to  relative  motion  of  two  surfaces  in 
contact.  When  relative  motion  exists  between  the  surfaces,  the  resistance 
to  relative  motion  is  termed  "kinetic”  or  "sliding"  friction;  when  no 
relative  motion  exists  between  the  surfaces,  the  resistance  to  the  im¬ 
pending  relative  motion  is  termed  "static"  friction.  The  small  discon¬ 
tinuities  of  the  surfaces  in  contact  are  able  to  mat®  quite  closely  when 
relative  motion  impends  rather  than  exists,  so  static  friction  will 
generally  exceed  kinetic  friction.  The  magnitude  of  the  friction  force 
between  two  surfaces  will  depend  in  great  part  on  the  types  of  surfaces 
in  contact  and  the  magnitude  of  the  force  pressing  the  surfaces  together. 

A  convenient  method  of  relating  the  friction  characteristics  of  surfaces 
in  contact  is  a  proportion  of  the  friction  force  to  the  normal  (or  perpen¬ 
dicular)  force  pressing  the  surfaces  together.  T h *  pronortion  defines 
the  coefficient  of  friction: 


where; 


«  F  /  F 
C/  N 


U  -  Coefficient  of  Friction  (mu),  non-dimensional. 
F  =  Friction  Force  or  Retarding  Force,  lbs. 

F.j-  Normal  Force,  lbs. 


The  coefficient  of  friction  of  tires  on  a  runway  surface  is  a  function 
of  many  factors.  Runway  surface  condition,  rubber  composition,  shearing 
stress,  relative  slin  speed,  tire  t°mnerature,  etc.,  all  are  factors  which 
affect  the  coefficient  of  friction.  When  the  tire  is  rolling  along  the 
runway  without  the  use  of  brakes,  the  friction  force  resulting  is  simple 
rolling  resistance.  The  coefficient  of  rolling  friction  is  on  an  approxi¬ 
mate  magnitude  of  0.015  to  0.030  for  a  drv,  hard  runway  surface.  The 
application  of  brakes  supplies  a  torque  to  the  wheel  which  tends  to  retard 
wheel  rotation.  However,  the  initial  application  of  brakes  creates  a 
braking  torque,  but  the  initial  retarding  torque  is  balanced  by  th<*  increase 
in  friction  force  which  produces  a  driving  or  rolling  torque.  Pf  course, 
when  the  braking  torque  is  enual  to  the  rollino  torque,  the  wheel  exn^ri- 
ences  no  deceleration  in  rotation  and  the  equilibrium  of  a  constant  rota¬ 
tional  speed  is  maintained.  Thus,  the  application  of  brakes  develops  a 
retarding  torque  causing  an  increase  in  friction  between  the  tire  and 
runway  surface.  A  common  problem  of  braking  is  the  application  of  exces¬ 
sive  brake  pressure  which  creates  a  brakinq  torque  greater  than  the  maximum 
possible  rolling  torque.  In  this  case,  the  wheel  loses  rotational  speed 
and  decelerates  until  the  wheel  is  stationary  and  the  result  is  a  locked 
wheel  with  the  tire  surface  subject  to  a  full  slin  condition.  The  relation¬ 
ship  of  friction  force,  normal  force,  brakinq  torque,  and  rolling  is 
illustrated  in  Fiaure  3. 


By  taking  a  closer  look  at  the  tire-to-runway  relat ionshio ,  a 
better  understanding  of  the  aircraft  stopping  process  can  b<*  gained. 
Whenever  a  horizontal,  tire- to- runway  force  is  generated,  some  slip 
always  occurs  between  the  tire  and  runway.  This  is  due  to  the  elastic 
nature  of  the  tire  and  is  true  for  anv  force  and  any  tvn^  of  runway 
surface.  Figure  4.  shows  a  typical  slio/drag  curve  for  a  braked,  tired 
wheel.  Values  vary  according  to  runway  condition,  tire  tvne ,  condition, 
and  loading,  but  the  general  shape  of  the  curve  is  always  the  same. 

The  curve  shows  that  as  brakes  are  progressively  annlied,  dran  and  si in 
increase  up  to  a  point  of  maximum  drag,  u  x ,  after  which  a  further  in¬ 
crease  in  brake  torque  results  in  an  increase  in  slip  accompanied  by 
a  reduction  in  draa. 


(Curve  profile  varies  greatly,  depending 
upon  runway  surface  and  tire  condition/type.) 

FIGURE  4  ADHESION/SLIP  CURVE 


There  are  thus  two  possible  ti re-to-around  conditions  durina  the 
brakinq  process.  The  first  is  a  stable  conditional  "slip"  at  values 
up  to  a  slip  ratio,  X  ,  in  which  brake  torque  is  bal  anced  by  f?  /ground 
drag.  The  second  is  a^xunstable  condition  of  "skid"  in  which  the  forces 
of  brake  torque  and  tire/ground  drag  become  unbalanced,  with  an  excess 
of  brake  torque  acting  to  decelerate  the  wheel  rapid lv  towards  a  locked 
condition.  This  second  condition  is  clearlv  undesirable  since  it  re¬ 
sults  in  partial  loss  of  brakinq  effort  and  can  lead  to  loss  of  direc¬ 
tion  control  and  damage  or  blow  tires.  Typically  an  F-15  with  locked 
wheel  will  blow  a  new  tire  in  less  than  300  feet. 
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BRAKE  ENERGY 


Brake  energy  must  be  computed  in  order  to  control  testing.  The 
energy  which  the  brakes  absorb  is  a  part  of  the  total  aircraft  energy. 
Other  contributions  to  total  aircraft  energv  are  thrust,  aerodvnamic 
drag,  and  tire  scrubbing. 

Reference  2  develops  a  set  of  equations  from  which  stopping  distance 
and  brake  energy  can  be  computed.  These  enuations  are  valid  between 
any  two  braking  velocities,  where  the  aircraft  configuration  and  ground 
attitude  are  constant.  Several  other  assumptions  were  made  in  devel¬ 
oping  these  equations. 

1.  An  average  coefficient  of  friction  can  be  used  together  v.’ith 
the  vertical  forces  of  the  aircraft  exerted  on  the  runwav  to  describe 
braking  forces. 

2.  The  aircraft-runway  reaction  loads  are  concentrated  on  the  main 
landing  gear.  This,  of  course,  is  not  exactly  true,  but  the  computed 
stopping  distances  and  brake  energies  will  not  be  affected,  since  the 
braking  coefficients  used  to  compute  stopping  distance  and  brake  energy 
are  derived  using  this  same  assumption. 

3.  Aerodynamic  forces  due  to  wind  are  assumed  to  be  a  function  of 
ground  speed  and  ambient  air  density  rather  than  airspeed.  This  assump¬ 
tion  is  valid  for  low  wind  speeds,  whicn  should  b«  a  limit  for  brake 
testing. 

4.  Idle  thrust  can  be  reasonably  well  defined  as  a  function  of 
velocity  squared. 

5.  Rolling  friction  is  included  with  the  braking  coefficient  of 
friction . 

In  order  to  compute  brake  energy  we  must  first  determine  the 
average  brake  coefficient,  p  ,  and  in  order  to  do  this  the  lift  and  drag 

coefficients  (C  &  C  )  and  tne  thrust  versus  velocity  function  must  be 

,  l  d 

known. 

To  determine  rolling  friction  and  lift  and  drag  coefficients  a 
coast  down  test  (no  braking)  can  be  conducted.  The  data  required 
should  be  obtained  at  low  gross  weights  and  at  high  initial  speeds. 

These  conditions  can  easily  be  met  during  a  landing.  As  soon  as  the 
aircraft  touches  down  it  should  be  configured  to  the  desired  configu¬ 
ration  and  then  be  allowed  to  decelerate  to  as  low  a  sneed  as  practical 
prior  to  braking  or  adding  power  for  a  go-around. 


BRAKE  TESTING  ANALYSIS  MFTHODS 


BRAKE  TESTING  COMPUTER  PROGRAMS 

Introduction : 

Four  computer  proqrams  have  been  developed  to  assist  the  engineer  in 
monitoring  brake  performance.  These  programs  are  based  on  the  AFFTC-TIM- 
71-1003,  May  1971,  Reference  2.  Other  programs  have  been  developed  for 
computation  of  braking  coefficients  and  brake  energies.  These  data  analysis 
programs  may  be  used  with  the  same  effectivity  as  the  ones  presented  here 
providing  one  takes  into  account  such  thinqs  as  forward  or  reverse  thrust 
and  lift  and  drag  for  both  the  computation  of  braking  coefficients  and  brake 
energies.  These  programs  are  relatively  simple  ano  easy  to  use  and  are 
fully  operational. 
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The  four  programs  are: 

1.  (THRUST)  A  proa ram  to  define  forward  or  reverse  thrust  as  func¬ 
tions  of  velocity  squared,  V  .  This  program  is  used  to  provide  constants 
for  the  braking  coefficient  and  energy  programs. 

2.  (DRAG)  A  program  which  will  extract  aircraft  draq  coefficient 
data  from  unbraked  coast  down  data. 

3.  (COFS)  A  program  which  will  compute  average  brakinn  coefficients 
and  brake  energies  between  any  two  braking  speeds  wherein  the  aircraft 
configuration  is  constant.  The  program  computes  brake  energies  for  th° 
entire  aircraft  so  that  if  an  aircraft  has  two  brakes,  the  eneray  p^r 
brake  is  half  of  the  total  brakinq  energy. 

4.  (SPF.ED)  Because  not  all  aircraft  that  wi  1 1  he  tested  are  er:uior*-'d 
with  inertial  navigation  systems  with  ground  velocity  readouts  rnr  the 
pilot,  it  is  necessary  to  have  the  capability  to  quirk!"  commit *  the  indi¬ 
cated  airspeed  {pneumatic  system)  where  the  brakes  must  x  ~  allied  to  pro¬ 
vide  control  of  the  brake  energies.  This  nroaram  provides  an  equation 

for  rapid  computation  of  the  indicated  ai  rsneed  to  obtain  th^  deir^d  tarn-’t 
ground  speed  for  brake  application. 

Each  of  the  four  programs  has  the  same  general  format  for  operation. 
Each  program  requires  control  cards,  followed  bv  the  program  itself, 
followed  by  user  supplied  data.  Each  section  is  s»r>aratod  )■"  an  end  nf 
record  card  (7/8/9  in  column  1  for  C.D.C). 

The  control  cards  used  for  most  operations  consist  of  a  job  control 
card,  followed  by  a  FORTRAN  compiler  control  card,  followed  bv  an  LGO 
control  card.  Figure  5  shows  a  sample  of  these  control  cards. 
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FIGURE  5  CONTROL  CARDS 
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Program  THRUST  Input/Output i 

The  data  needed  for  program  THRUST  consists  of  ordered  pairs  of 
and  V  ,  where  F  is  engine  thrust  divided  by  ambient  pressure  ratio, 

F  /6a,  and  V  is  equivalent  airspeed.  Each  ordered  pair  is  placed  on  on** 
data  card  in  the  format  (F10.2,  10X,  F10.2),  with  F  being  first  and  V 
second.  Although  the  program  needs  only  two  data  points  to  operate,  tfie  user 
should  provide  at  least  8  data  points  to  insure  statistical  validity. 

These  data  can  be  obtained  from  enqine  manufacturer's  data  or  if  the  air¬ 
plane  is  instrumented  for  thrust,  it  can  be  obtained  from  test.  Figure 
6  is  given  for  further  clarification  of  format.  Sample  output  for  program 
THRUST  is  shown  in  Figure  7. 


r 


THKVM  AT  -f -SfH-f' 


- 


FIGURE  7 


PROGRAM  THRUST  SAMPLE  OUTPUT 


Program  DRAG  Input/Output 


Program  DRAG  data  consists  of  general  data  including  aircraft  constants 
and  ambient  air  data,  and  coast  down  sneed  and  distance  data  over  two  speed 
ranges.  Each  parameter  value  is  placed  on  one  card,  along  with  an  identi¬ 
fier  for  that  parameter,  and  read  in  the  format  (AlO,  10X,  F20.?).  Table 
1  summarizes  the  data  needed  and  the  required  identifiers  to  be  used  on 
the  cards.  Figure  8  is  given  for  further  clarification  of  format.  Sample 
output  for  program  DRAG  is  shown  in  Figure  9. 


figure  8 


PROGRAM  DRAG  DATA  FORMAT 
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FIGURE  9 


PROGRAM  DRAG  SAMPLE  OUTPUT 


m 


TABLE  1 

Program  DRAG  Data 

Required  Data 

Identifier  Code 

Wing  Area  <sq  ft) 

WIMC.  AREA 

Aircraft  Weiqht  (lbs) 

WEIGHT 

Ambient  Air  Density  Ratio 

DENSITY  nA 

Thrust  at  Zero  Speed  (F  /5  ) 

THRUST 

o 

Slope  of  Thrust  Curve 

SLOPE  OF  T 

Coefficient  of  Lift 

LIFT  COFFF 

Initial  Speed  -  First  Speed  Ranqe 

SPI-1 

Final  Sneed  -  First  Speed  Ranoe 

SPF-1 

Distance  Traveled  -  Tirst  Speed  Ranqe 

DI STANCE  1 

Initial  Sneed  -  Second  Speed  Range 

SPI-2 

Final  Speed  -  Second  Sneed  Range 

SPF-2 

Distance  Traveled  -  Second  Sneed  Ranqe 

n I STANCE  2 

Program  CQFS  Input/Dut nut : 


Program  COrs  data  consists  of  general  data  including  aircraft  constant 
and  ambient  air  data,  and  specific  brake  test  data.  Pach  parameter  value 
is  placed  on  one  card,  alonq  with  an  identifier  for  that  parameter,  and 
read  in  the  format  (A10,  10X,  F20.2).  Table  2  summarizes  the  data  needed 
and  the  required  identifiers  to  be  used  on  the  cards.  riaure  R  shows  the 
same  format  required  to  input  the  data  needed  for  Program  COFS,  Samnle 
output  for  the  program  COFS  is  shown  in  Figure  in. 

t'l  -  B  *  .1 

i  •  *  '  .  %  1  .  k  .  ,  ,  ,  ....  „ 


FIGURE  10  PROGRAM  COFS  SAMPLE  OUTPUT 


TABLE  2 

Program  COFS  Data 

Required  Data 

Identifier  Code 

Winq  Area  (sn  ft) 

WIN C  AREA 

Aircraft  Weight  (lbs) 

weight 

Ambient  Air  Density  Ratio 

DENSITY  RA 

Thrust  at  Zero  Speed  (F.  /5  ) 

to  3 

T!*RUSm 

Slope  of  Thrust  Curve 

SLOPE  OF  T 

Coefficient  of  Lift 

LIFT  COEFF 

Coefficient  of  Drag 

drag  corrr 

Initial  Speed 

INITIAL  SP 

Final  Speed 

FINAL  SPFE 

Distance  Traveled 

DISTANCE 

Program  SPEED  Input/Qutput : 

Program  SPEED  data  consists  of  general  data  including  aircraft  con¬ 
stants  and  ambient  air  data,  and  specific  brake  test  data.  Each  parameter 
value  is  olaced  on  one  card,  along  with  an  identifier  for  that  parameter, 
and  read  in  the  format  (AlO,  10x,  F20.2).  Table  3  summarizes  the  data 
needed  and  the  required  identifiers  to  be  used  on  the  cards.  rigure  8 
shows  the  same  format  required  to  innut  the  data  needed  for  Proaram  SPEED. 
Sample  output  for  Program  SPEED  is  shown  in  ’"igure  11. 
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FIGURE  11 


PROGRAM  SPEED  SAMPLE  OUTPUT 


TABLE  3 

Program  SPEED  Data 

Required  Data 

Identifier  Code 

Wing  Area  (sq  ft) 

WING  AREA 

Aircraft  Weiqht  (lbs) 

WEIGHT 

Ambient  Air  Density  Ratio 

DENSITY  :iA 

Thrust  at  Zero  Speed  (F  /5  ) 

ro 

THRUST 

Slone  of  Thrust  Curve 

SLOPF  or  T 

Coefficient  of  Lift 

liet  corrr 

Coefficient  of  Drag 

drag  corrr 

Braking  Coefficient 

BRAKIN'”-  CO 

Desired  Brake  Energy  (ft* lbs) 

ENERGY 
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PROGRAM  control  plots 


Program  control  plots  are  required  to  give  the  test  engineer  an 
idea  of  the  trends  involved  with  the  tests.  DJotting  th*  data  from 
each  individual  test  provides  a  graph  of  information  which  can  be 
used  to  identify  deviations  from  expected  results  and  to  predict  crit¬ 
ical  test  points.  Without  such  trend  information,  some  problems  ma^ 
not  be  identified  and  unexpected  results  may  be  mor°  frequent  than 
normal. 

One  very  useful  type  of  control  nlot  consists  of  peak  brake  tem¬ 
peratures  versus  input,  brake  energy  (riaure  1?).  Since  most  brake 
tests  are  done  in  an  increasinq  aircraft  kinetic  enerny  method,  this 
tvne  of  nlot  can  be  used  to  identify  when  dangerous  temperature  levels 
can  be  expected.  This  type  of  plot  is  generated  from  dynamometer 
tests,  normally  presented  in  the  contractor’s  brake  qualification  re¬ 
port,  therefore  flight  test  data  can  be  overlavad  on  the  dvnamometer 
data  to  identify  deviations. 


FIGURE  12  PEAK  BRAKE  TEMPERATURE  VS  BRAKE  ENERGY 


'"he  only  difficult  portion  of  this  analysis  is  determining  how 
much  of  the  aircraft  kinetic  energy  actually  was  absorbed  bv  the 
brakes.  References  2-5  all  present  methods  of  computing  brake  en¬ 
ergy  and  any  consistently  used  method  should  work .  The  method  from 
reference  10  was  presented  in  the  Drake  Knerrjv  Section. 

Another  type  of  tracking  plot  is  average  braking  coefficient  vs  input 
brake  energy  (Figure  13).  This  method  computes  an  average  value  of  braking 
coefficient  for  each  run  and  plots  this  versus  energy  absorbed  by  the 
brakes.  (See  References  2  and  3.)  Since  coefficient  of  friction 
may  be  relatively  constant  for  some  classes  of  brakes  (carbon,  for 
example),  this  trend  information  would  only  shovT  significant  chanqes 
in  braking  coefficient  with  increasing  energy  absorption  by  the 
brakes.  Steel  brakes,  for  example,  show  a  decrease  in  average  brak¬ 
ing  coefficient  with  increased  absorption.  This  is  du®  to  brake  fads. 


II 


< 


FIGURE  13  AVERAGE  BRAKING  COEFFICIENT  VS  BRAKE  ENERGY 


A  similar  type  of  macroscopic  analysis  for  trend  information 
would  be  plotting  average  slip  ratio  obtained  during  a  run  versus  inertial 
velocity  (Figure  14).  Slip  ratio  is  defined  as  the  difference  between 
aircraft  velocity  and  wheel  velocity  divided  by  aircraft  velocity. 


INERTIAL  VELOCITY  (ft/sec) 

FIGURE  14  SLIP  RATIO  VS  INERTIAL  VELOCITY 


As  with  the  average  braking  coefficient,  the  slip  ratios  achieved 
should  be  consistent  and  any  major  deviation  would  be  a  cause  for 
deeper  investigation. 

Program  control  plots  enable  the  test  engineer  to  monitor  the 
nulse  of  the  braking  system.  Major,  unexplained  chanqes  are  signs  of 
some  problem  in  the  system  and  additional  analysis  should  be  done  be¬ 
fore  the  program  continues.  In  this  way,  some  of  the  dancers  of 
brake  testing  can  be  limited  and  the  test  program  will  be  under  con¬ 
trol  . 
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BRAKE/ANT  I SKID  SYSTEM  ANALYSIS 


Int reduction : 

The  qoals  of  this  type  trstinq  are  to  obtain  ar  in-de*»th  f-^el  for 
-.o'.;  the  braking  system  works  and  to  determine  hov  efficiently  the 
svstem  takes  advantaae  of  the  braking  conditions.  Th^  raoui rement  for 
svstem  analysis  data  exists  to  provide  an  ircide  look  a4-  working 

system.  Esing  only  an  external  view,  such  as  shopping  distance  achieved, 
taa  te.it  engineer  cannot  diagnose  prol^lGins  nor  predict  liov’  s'’st 

will  react  under  different  conditions.  bv  anal'^ina  t.h«  svsteir.  on 
the  micro  level,  the  test  engineer  can  Letter  understand  the  s'-stem 
and  doesn't,  have  to  test  to  failure. 

This  type  of  data  analysis  cannot  be  obtained  cheap]*',  however, 
first  of  all,  highly  accurate  instrumentation  has  to  h«  installed  on 
the  test  vehicle  to  tell  the  story  of  the  svstem.  Secondly,  t*<=  data 
analysis  software  and  procedures  have  to  be  developed  and  checked  out. 
Third,  the  reduced  data  has  to  be  processed  onickly  erouah  to  h<=  used 
before  subsequent  t^sts.  All  of  these  take  dedicated  time  and  money. 
Without  this  supoort,  the  analysis  efforts  will  b»  of  limited  use. 

ft  is  pref erred  that  the  data  be  telemetered  from  t^a  aircraft  no 
as  to  be  available  to  the  engineer  (s)  and  t*st  conductor  in  near  real¬ 
time.  This  is  necessary  for  control  of  the  testing  as  v^ll  as  for 
rapid  data  analysis  between  tests* 


Antiskid  Operation: 


The  theory  of  operation  for  an  antiskid  svstem  can  be  l®arn°d 
from  manufacturer's  literature*  Determining  how  w«ll  i «■  actually 
works  reuuires  analysis  of  the  system  on  the  aircraft.  m0  do  this, 
special  instrumentation  of  the  antiskid  svstem  control  unit  has  to 
installed.  The  location  of  instrumentation  varies  with  thrt  different 
antiskid  system  control  logic.  The  following  paragraphs  present  an 
example  of  what  could  he  done  for  one  antiskid  system. 

)ne  common  antiskid  system  is  the  Hvdro-.Vire  ’lark  III.  Basical  1”, 
the  .Nark  III  is  a  veloci tv-rate-control led  svstem.  The  antiskid  con¬ 
trol  logic  compares  the  instantaneous  wheel  velocitv  (computed  from  i 
digital  wheel  rtPM  counter)  to  the  aircraft  forward  velocity  (derived 
by  subtracting  +-he  computed  deceleration  from  tue  last  known  fre* 
wheeling  velocity).  If  the  difference  between  the  two  velocities 
exceeds  a  threshold  value,  the  antiskid  releases  t^  brakes  to  al  lov; 
the  wheels  to  spin  up.  ^his  threshold  velocitv  is  ir.it  i.allv  s~t  at 
in  feat  per  second  but  decreases  with  increased  sk id  activitv.  (por 
a  more  detailed  description  of  the  Mark  III  antiskid  system,  see  Ref¬ 
erence  6.) 

It  should  he  noted  that  in  previous  systems  tests,  the  manufactur¬ 
er's  description  did  not  agree  with  hov;  the  system  actual  l,r  was  built 
to  operate.  If  the  tests  show  the  system  does  not  overate  in  accordance 
with  the  manufacturer's  description,  before  you  can  determine  if  a 
malfunction  has  occurred  you  must  first  determine  i*  this  is  reallv 
how  it  is  designed  to  work.  These  discrepancies  are  probably  the 
result  of  poor  communication  between  system  designers  and  manual  wnt- 

erj#  Anal vs is  to  determine  how  well  this  svstem  works  would  center  on 
t»stinq  the  accuracv  of  the  velocities  it  uses  and  t»stino  how  ciose 
the  system  operates' at  its  r.olf-imoosed  threshold  value.  Th*  U  rst 
will  show  if  the  inputs  to  the  system  are  valid. 


rh°  second  v.m  1 1  shov’ 
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if  the  system  controls  brakinc  to  the  bmst  o f  i*-s  abilitv. 

To  test  the  antiskid  values,  duplicate  instrumentation  would  have 
to  be  installed.  RPM  counters  could  be  recorded,  converted  to  *’h^] 
velocity  and  checked  aqainst  the  antiskid  value.  .^ccura^p  smice  posi¬ 
tioning  data  obtained  from  either  external  (As'-ania)  or  interna]  (lr.  *r- 
tial  Navigation  Systems  -  INS)  could  be  used  to  d«  terming  aircraft  velocity 
which  can  be  compared  with  the  antiskid  derived  value. 

Vo  test  the  internal  efficiencv  of  the  tv  *'  velocitv  data 

could  be  used  to  comnare  slip  velocities  and  slip  ratios.  Th-  s]  in 
velocities  could  then  be  compared  to  the  antiskid  threshold  value  to 
determine  how  optimallv  the  svstem  is  being  controlled.  Th<  best  Irv¬ 
ing  generally  occurs  at  slip  velocities  between  lh%  ana  20%  of  the 
aircraft  velocity  or  at  si  in  ratios  between  0.1  ami  0.?.  !>•=>*  ~rer'"  1  ~ 

7,  8 ,  and  0 . ) 

Brake/Antiskid  Compatibility : 

Much  of  the  AFFTC  brake  testino  has  b^en  done  to  compare  differ¬ 
ent  brake  disks.  This  tvne  of  testing  requires  an  analysi*  of  th« 
compatibility  between  the  brake  and  antiskid  systems  in  addition  to 
tests  on  the  brake  disks  themselves.  A  main  area  of  interest  '-’ould  be 
in  the  brake  torque  response  to  changes  in  antiskid  applied  brake  era¬ 
sure.  Runway  friction  transition  response  will  also  provide  som®  noon 
information. 


Dynamic  Pressure  Torque  Response; 

The  torque  response  to  changes  in  anplied  brake  nressure  provides 
^  a  good  indication  of  brake/antiskid  compatibility.  booking  at  th« 

pr assure- torque  plot  for  a  brakinq  run  shows  the  response  of  the  brake 
j  pressure  applied  by  the  antiskid  system.  Figure  lr>  is  an  examnl^  of 

.  such  a  plot. 


The  plot  clearly  shows  the  hysteretic  nature  o<  t*e  pressure- toroue 
relationship  Point  A  renresents  the  minimum  pressure  r^nuired  tc 
collanse  the  brake  stack  to  ben  in  torque  resnons**.  '.s  nressure  on 

the  brakes  increases,  the  torque  develoned  the  brakes  also  increases. 
This  continues  until  the  torque  exceeds  the  available  ground  react'd  or 
force  and  the  wheel  enters  a  skid.  Point  B.  Th«  antiskid  svstem  directs 
the  skid  and  dumps  the  brake  nressure.  As  the  pressure  drons,  however, 
the  brake  torque  for  a  given  brake  pressure  is  hinh^r  than  it  was  when 
the  nressure  was  increasing.  This  is  in  part  due  to  brake  surface 
friction  characteristics,  brake  stack  construction,  and  hydraulic  laas. 
In  general,  smaller  hvsteresis  loons  mean  a  better  brake  stack . 

Ideally,  the  brake  pressure  plot  should  be  a  sinnl^  lin°  without 
hysteresis  (Figure  16). 


FIGURE  16  IDEAL  PRESSURE  VS  TORQUE  RELATIONSHIP 
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hat  i  ’  ,  *or  a  given  brake  pressure  input  there  would  onlv  b<*  one  torque 
possible.  The  antiskid  system  could  then  determine  the  optimum  torque 
braking  and  keen  the  brake  pressure  at  that  level. 

In  actuality,  the  wide  ranqe  of  pressure  which  can  produce  a  de¬ 
rived  torque  cutout  necessitates  wide  variations  ir  anoliftd  brake 
pressure.  Comparison  of  the  dvnamic  pressuro-torcue  r-soons^  should 
provide  a  good  feel  for  the  relative  effectiveness  of  tV|p  brake  staohr, 

Such  tests  can  be  easily  run  or.  a  dynamometer  but  should  also  be 
done  on  aircraft  to  insure  desired  performance.  It  should  b-i  not°d 
that  special  tests  are  not  needed  to  acquire  this  data. 

Runway  Friction  Transition  Response; 

In  addition  to  looking  at  the  pressure-torque  response,  investi¬ 
gation  of  the  system  response  to  chanqing  runwav  friction  could  prove 
interesting .  The  system  response  as  tKe  landing  gar  goes  from  a  dry 
surface  to  a  wet  surface  will  reflect  or  thA  eff °ct  i  v^r.e'-s  o*  tKe  sys¬ 
tem,  l"uch  tests  are  routinely  accomplished  at  the  51 1  Lar.clev  handir  < 
loads  Facility,  (See  References  1^,  11,  and  12.) 

Figures  11  and  18  are  examples  of  t^o  different  antiskid  n*'st«ms. 
They  are  interesting  in  the  fact  that  thev  show  two  v*rv  di^feren4"  re¬ 
sponse  characteristics.  In  Figure  17  the  wheel  speed  and  brake  pres¬ 
sure  dro:>  off  as  expected  when  the  aircraft  encounters  hue  flooded 
area.  The  same  occurs  in  Fiqure  18  but  the  wheel  s oe^d  increases  nric': 
more  quickly,  which  allows  the  brake  pressure  to  b°  reapplied  more  quick 
ly  and  braising  can  once  more  beoin. 

The  long  time  reauired  for  the  brake  pressure  to  increase  in  Fiq¬ 
ure  17  shows  that  the  system  responds  slowly  to  the  channinq  runwav 
condition.  Imanine  what  could  hann^n  ir  there  were  a  number  o^  badl*r 
soaced  puddles  on  the  runway ;  it  is  possible  that  v«*rv  little  bracing 
v-ould  occur. 


FIGURE  17  ANTISKID  RESPONSE  1 
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Tne  high  frequency  brake  pressure  of  the  signals  ip  Figure  18 
shows  that  the  antiskid  system  can  respond  very  quickly  to  changing 
conditions.  The  activity  after  the  aircraft  passes  into  the  flooded 
area  shows  that  the  system  continues  to  brake  under  the  degraded  con¬ 
ditions,  although  to  a  lesser  degree  than  before.  Picture  17  signal 
activity  in  the  flooded  area  is  much  less  and  signifies  braking  to  a 
much  lesser  degree. 


•  i  4  *  i  »  *  » 

TIME  (sec) 


FIGURE  18  ANTISKID  RESPONSE  2 


The  differences  in  response  could  be  due  to  differences  in  the 
antiskid  systems  or  in  brake/antiskid  comnat ibi 1 i tv .  In  either  case, 
rapid  response  and  hiqh  frequency  cvclina  generally  represent  the  best 
braking.  Whether  comnarinq  different  antiskid  systems  or  different 
brakes  on  one  antiskid  system,  the  system  response  is  verv  important. 

Braking  Efficiency: 

Internal  analysis  of  the  antiskid  system  provides  a  good  under¬ 
standing  of  the  system  operation  but  the  analysis  of  how  v:ell  the  sys¬ 
tem  takes  advantage  of  the  available  friction  forces  provides  the  best 
measure  of  brakinq  efficiency.  The  difficulty  in  this  t^p°  of  aral^sis 
is  measuring  the  parameters  in  the  highly  dvnamic  environment  o^  the 
landing  gear.  Good  analysis,  therefore,  requires  verv  accurate 
instrumentation  and  data  recording. 

Efficiency  calculations  involve  approximating  the  maximum  avail¬ 
able  braking  level  and  determining  the  percent  of  this  l^vel  which  is 
achieved  by  the  braking  system.  The  most  common  procedure  used  is  the 
time  historv  plot  of  a  measured  parameter  (usually  drag  force,  brake 
torque ,  or  brake  pressure) (Figure  19),  The  peaks  of  the  time  history 
curve  represent  the  points  of  incipient  skid.  At  these  points  the  level 
of  braking  was  reduced  to  prevent  a  locked  wheel  slid.  Straight  lines 
connecting  the  peaks  represent  the  maximum  available  braking  force. 
Therefore,  the  efficiency  of  the  system  is  the  ratio  of  the  area  under 
the  time  history  curve  to  the  area  under  the  peak-to-peak  straight 
lines.  The  ratio  of  these  two  areas  results  ir  a  percentage  figure 
v;hich  approximates  how  well  the  antiskid  system  controlled  the  braking. 
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FIGURE  19  EFFICIENCY  CALCULATION  PLOT 


-’he  parameters  normally  used  in  efficiency  calculations  are  drac 
force,  brake  torque,  and  brake  pressure.  The  following  sections  exnlain 
the  annroximations  and  problems  involved  with  each  of  thesp  parameters. 

The  purpose  of  these  sections  is  to  present  seme  the  errors  involved 
with  using  the  efficiency  calculations. 

The  analysis  methods  should  not  be  used  Mindly  v.ithout  knowing 
possible  sources  of  error.  The  sections  occur  in  ord*r  of  dp^r^asinu 
validitv.  Draq  force  efficiency  involves  the  l^ast  possibility  for  error, 
brake  torque  is  next,  and  brake  pressure  efficiency  involve s  the  great¬ 
est  possibility  for  error.  The  order  of  occurence,  however,  is  also 
of  increasinq  ease  of  measurement.  So  the  method  of  analvsis  will 
depend  on  how  willing  the  program  nanaqer  is  to  trade  acouraev  for 
effort  or  cost  of  instrumenting  the  aircraft. 

brag  Force : 


Drag  force  is  the  horizontal  force 

the  ground  during  braking.  The  maximum 

obtain  is  a  function  of  the  coefficient 

tical  load  (F  . )  on  the  tire,  or 
vert 


generated  between  the  tire  and 
valu*3  which  this  fore®  car 
of  friction  (u)  and  th °  v^r- 


T  =  U  F 

Dracr,  vert 

Max 

For  maximum  braking,  this  maximum  value  of  draq  force  should  b**  achieved. 
Obtaining  this  optimum  draq  force,  however,  is  very  difficult  since  both 
V  and  the  aircraft  load  are  changing  during  braking.  n'h°  objective  for 
antiskid  systems  is  to  find  the  maximum  available  fore*3  and  brake  at 
that  level. 

The  peaks  of  the  draq  force  time  history  plot  thus  represent  the 
maximum  available  braking  force.  These  peaks  are  clearl"  the  points  of 
maximum  braking  and  using  the  ratio  of  the  areas  to  determine  braking 
efficiency  is  valid.  The  only  source  of  error  is  in  the  recording  of 
the  data.  If  the  instrumentation  and  data  recording  are  accurate,  this 
procedure  will  provide  excellent  efficiency  data. 

The  AFFTC ,  however,  has  little  experience  ir  instrumenting  for  draq 
force.  Such  work  has  been  contracted  out  but  this  adds  expense.  The 
size  and  orientation  of  the  landing  gear  structural  members  make  the 
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instrumentation  difficult.  In  the  NASA  Langley  tests,  (see  References 
^ ^ 1  ^ 1  flnd  12) t  the  strut  was  replaced  by  five  dvnomometer  sunnort  beams 
Two  of  the  beams  were  used  for  measuring  vertical  forces,  two  w^re  used 
for  drag  forces,  and  one  was  used  for  side  forces.  Three  accelerometers 
on  the  test  wheel  axle  provided  information  for  inertia  corrections  to 
the  force  data.  If  this  problem  of  data  collection  proves  insurmountable 
the  next  best  efficiency  calculation  would  be  brake  tornue. 

Torque ; 

Brake  torque  is  the  wheel  spin  down  torque  created  by  mechanically 
braking  a  rolling  aircraft  with  wheel  brakes.  It  ir  a  resistive  tornue 
and  must  equal  the  sum  of  all  the  other  torques  acting  on  the  wh^el  at 
any  instant. 


MOTION 


FIGURE  20 


WHEEL  TORQUE  AND  MOMENTS  DIAGRAM 


From  Figure  20,  the  equation  for  brake  tornue  {'T')  ir 


T  =  F 


Where : 


nrag 


h  -  F 


vert 


d  +  la 


F  is  the  drag  force  acting  on  the  tire  a<-  the  ground 

h  is  the  distance  between  the  ground  and  the  wheel  axle 

^vert  vert*ca^  force  acting  on  the  tire  at  the  ground 

d  is  the  distance  the  vertical  load  center  of  pressure  is 

offset  from  the  center  of  the  tire  (positive  is  forward ) 

I  is  the  moment  of  inertia  of  the  rotating  wheel 

a  is  the  angular  acceleration  of  the  wheel  (positive  is  snin 

down) 

w  is  the  angular  velocitv  of  the  wheel 

This  shows  that  brake  torque  cannot  b*»  completely  defined  by  the 
product  of  drag  force  and  its  moment  arm.  ^his  product  mav  closelv 
reflect  the  torque  when  the  tire  operates  at  a  fixed  si in  v^locit" 
where  Ci  becomes  negligible  and  d  is  rather  small.  However,  in  most 
cases  antiskid  cycling  results  in  rapid  wheel  sneed  changes  and  signif¬ 
icant  shifts  in  the  fore  and  aft  position  of  the  tire  footprint  center 
of  pressure  (d) . 

Therefore,  it  is  important  to  understand  that  when  brake  tornue  i^ 
used  to  approximate  brakina  efficiency,  the  results  will  not  be  identi¬ 
cal  to  those  obtained  from  draq  force  data.  NASA  Langley  comparisons 
of  the  two  efficiencies  show  that  the  differences  are  snail.  Th°  NASA 
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Landing  Loads  facility  has  a  much  more  consistent  braking  surface  than 
most  runways,  thus  their  coefficient  of  friction  for  the  surface  did 
not  vary  as  much  as  it  does  in  real  braking  situations.  Paint,  rubber 
deposits,  and  surface  inconsistencies  nrovide  for  a  much  more  changing 
available  friction  force  and  this  may  cause  the  diff^r^nc^s  between  the 
torque  and  drag  force  efficiencies  to  be  qreater. 

Drake  Pressure : 


Brake  pressure  is  the  pressure  of  the  hvdraulic  fluid  which  comnr^ss- 
es  the  brake  stack.  It  is  often  used  for  efficiency  determinat i on  since 
it  is  very  easy  to  measure.  The  oeak  values  of  brake  pressure  on  the  time 
history  plot  represent  the  noints  at  which  the  antiskid  detected  a  skid 
and  then  reduced  the  pressure. 

However,  even  more  so  than  with  brake  torciue  efficiency,  there  is  a 
question  of  how  well  the  brake  pressure  peaks  actually  represent  the 
points  of  true  peak  drag  forces.  Since  the  level  of  pressure  is  produced 
by  the  antiskid  and  not  by  the  extent  of  brakina,  the  brake  pressure  peaks 
could  be  somewhat  offset.  For  instance,  the  n^aks  could  be  lower  because 
the  antiskid  reacted  to  some  threshold  other  than  peak  brakina,  or  the 
peaks  could  be  higher  due  to  some  lag  Xv’hich  causes  the  brake  pressure  to 
continue  to  increase  while  the  wheel  is  actually  entering  a  skid. 

As  with  brake  torque  efficiency,  NASA  Langley  results  show  that  pres¬ 
sure  efficiencies  do  correspond  with  drag  force  efficiencies  but  differences 
in  the  level  of  test  control  could  change  results.  Drake  pressure  efficien¬ 
cies  can  be  used  but  the  possible  errors  should  b®  understood. 

TF ST  PLANNING 


ADVANCE  PLANNING 

When  the  Flight  Test  Center  is  assigned  as  the  Responsible  Test  Organi¬ 
zation  ( RTO)  for  brake  system  testing,  a  certain  amount  of  advance  planning 
is  required.  An  estimate  of  the  number  of  flights  (ground  tests  also)  and 
hours  required  to  evaluate  the  system  will  be  made,  ^he  number  of  tests 
and  hours  will  depend  upon  the  tQst  objectives  and  other  factors  which 
must  be  agreed  upon  between  the  RTO  and  test  sponsor. 

OBJECTIVES 

General  objectives  for  braking  tests  and  antiskid  compatibility  tests 
are  as  follows: 

A.  Determine  brake  compatibility  with  respect  to: 

(1)  Antiskid  system  (wet  and  drv  runway) 

(2)  Aircraft  structure/landing  gear  structure 

(3)  Engine  run-up  capability  (wet  and  dry  brake) 

(4)  Wheel  and  tire  temperature  (relationship  with  energy 
absorbed) 

(5)  Aircraft  directional  control  (differential  brakina) 

(6)  Mixed  brakes,  i.e.,  brakes  from  one  vendor  on  one  side  of 
aircraft  and  brakes  from  another  vendor  on  the  other  side 
of  the  aircraft. 

B #  Gather  brake  stack  wear  data 

C.  Gather  maximum  brake  stack  temperature  data  vs  brakn  energies 
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D.  Perform  reliability  and  maintainability  evaluation 

E.  Obtain  comparative  braking  distance  data 


INSTRUMENTATION 


The  followinq 
skid  compatibi Xity 

instrumentation  is  recommended 
tests : 

for  all  brake 

and  ar. fci- 

PARAMETER 

TYPICAL 

RANGE/UNITS 

frequency 

RESPONSE 

PRIORITY 
SFE  NOTE 

COMMENTS 

Brake  Pedal  Force 

0-200  lbs 

.  5hz 

B 

L/R 

Rudder  Pedal  Force 

or  Position 

0-200  lbs 

20-100hz 

B 

Both  L/R 

Nose  Gear  Angle 

+  70° 

5hz 

C 

- 

Nose  Gear  Strut 

Pressure  0-2000  psig 

(used  to  determine 
weight  on  nose  gear) 

Skid  Control  Value 

Input  and  Output 

20-100hz 

C 

Pressure 

0-3000  psig 

20-100hz 

B 

L/R 

Skid  Cc;* crol  Value 

Signal 

Main  Gear  Wheel 

0-12  volts DC 

50-lOnhz 

A  t  B 

L/R 

Speed 

RPM  FcTuiv  of 
0-180  kts 

50-100hz 

A ,  B 

L/R 

Main  Gear  Strut 

Pressure 

0-3000  psiq 

50-100hz 

C 

All  Gear 

Nose  Gear  Steer- 

inq  Mode 

Discrete 

C 

■ 

Brake  Stack 

Temperature 

0-2000  C 

lhz 

A,B 

All  Brakes 

Aircraft  Ground 

Speed  -  Inertial 

0-180  kts 

lhz 

A,B 

From  INS 

Airspeed 

0-200  kts 

lhz 

A,B 

- 

Fuel  Quantity 

Drake  Torque  or 

Dependent  on 
A/C  Type 

lhz 

C 

Fuel  Quantity 
Indicators 

Force 

Dependent  on 
A/C  Type 

20- 50hz 

C 

L/R 

Altitude 

0-5000  ft 

lhz 

C 

- 
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B 


Ask an i a 
coveraqn 


Aircraft  Velocity, 
Deceleration,  Dis¬ 
tance  Traveled 


Photographs  (still, 
motion  picture,  on¬ 
board/on  ground 

Wind  Velocity  and 
Direction 


B 

B  Portable 

Weather 
Fquinment 


Ambient  Temperature 


Correlation  Siqnal 
Between  Onboard  and 

Ask  an  i  a  Data  15 


Wotes : 


1. 


Priority  Code;  A  -  Safety  of  Flight  Required  (cocknjt  dis*)la,r 

or  T.M.) 

B  -  Required  for  Fngineerinq  Analysis 
C  -  Desirable  for  Fngine^ri ng  Analvsis 
Safety  of  fliqht  reauired  parameters  must  all  h*  operational 
or  testing  cannot  be  accomp] ished . 

Fngineerinq  required  oaram^t^rs  must  bp  operational  or  a  thor¬ 
ough  technical  ^valuation  cannot  be  completed.  ^ t  l^ast  one 
side  of  the  aircraft  (left  or  right  a«=ar)  should  have  all  naram- 
eters  operational. 


For  control  of  tests,  readouts  of  brake  temperature,  velocity,  and  fuel  quan¬ 
tity  must  be  available  to  the  t<=st  conductor. 


TFST  CONDITIONS 


Various  types  of  testinn  are  necessary  to  evaluate  aircraft  brakes 
and  antiskid  systems.  Basically  the  tests  are  of  two  tynes;  taxi,  and 
various  stopping  tests  or  wet  or  drv  runwavs. 

Control  of  brake  temperatures  and  eneraies  must  be  exercised  in  all 
tests.  Tracking  test  results  is  vital  for  follow’ina  th»  progress  of  indi¬ 
vidual  tests  and  for  identifyina  trends.  These  are  methods  of  providing 
this  data  to  the  analvsis  section.  Because  temperatures  are  critical  to 
conducting  safe  tests,  a  plot  of  peak  brake  temnerature  versus  brake  enercr’ 
is  probably  the  most  useful  for  test  control.  Further,  it  is  possible  to 
compare  temperature/energy  data  directlv  to  dynamometer  tests.  Sinnif leant 
deviations  from  anticipated  temnerature  trends  must  be  resolved  before  pro¬ 
ceeding  to  critical  test  conditions. 

While  it  is  possible  to  use  total  aircraft  energy  as  the  abscissa  of 
temperature  control  plots,  it  must  be  recognized  that  total  aircraft  and 
brake  enerqv  are  not  the  same.  Other  contributors  to  total  aircraft  energy 
are  thrust,  aerodynamic  draq,  and  tire  scrubbinq.  These  are  accounted  for 
in  the  computer  programs  in  Appendix  A. 

Other  control  plots  can  be  obtained  from  average  braking  coefficients 
and  slip  ratios*  Both  of  these  tvnes  of  plots  should  provide  insiqht  into 
brake  and  antiskid  performance.  It  should  be  recoqnized  that  each  brake 
and  antiskid  system  may  have  specific  characteristics  which  v;ould  dictate 
the  tracking  of  other  important  or  meaningful  parameters. 
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DETAILED  PLANNING 


Test  Information  Sheet  (TIS) : 

After  the  preliminary  t^st  planning  has  been  identified,  documented, 
and  provided  to  the  nroject  engineer,  the  systems  analvst  (test  engineer 
responsible  for  the  analysis  of  test  data  on  thp’  hrav*  system)  should  begin 
detailed  test  planning.  AFFTC  regulations  80-12  and  80-13  should  he  con¬ 
sulted.  The  Systems  Fngineering  Handbook  has  a  section  or  TIS  preparation. 
An  example  TIS  is  included  in  Appendix  FI.  A  discussion  of  th°  TIS  tonics 
follows  in  paragraphs  which  are  numbered  as  tw'cv  are  addressed  i^  the  TIS. 

1.0  References:  The  first  reference  to  hr  listed  is  the  Air  Force  manage¬ 
ment  document  that  is  used  to  generate  the  aircraft  or  system  contract. 

This  document  will  detail  the  operational  renuirements  that  v  *  r  e  intended 
to  be  satisfied.  The  next  reference  document  will  Ke  the  contractor's 
system  specif icat ion  document.  In  this  document,  the  contractor  tri°s  to 
quantify  the  operational  requirements  contracted  for  bw  t.h®  Air  Force. 

The  third  reference  document  should  be  the  detailed  Erakiro  svstem  speci¬ 
fication  document  published  by  the  brakina  system  manufacturer.  There  may 
be  separate  references  for  the  brakes  and  the  antiskid  system.  Th»*  fourth- 
reference  document  should  be  the  aircraft  fliqht  manual  shoving  hov»  the 
system  operates.  A  fifth  document  is  the  dynamometer  t-st  r  wort.  All  of 
the  maintenance  documents  used  at  the  AFFTr  to  maintain  t!v*  s'-st^m  should 
also  be  referenced. 

2.3  rT,est  Item  Description:  Th®  description  should  not  b«  o  *  a  1  ml.  i  ng 
svstem  in  general,  but  rather  what  mavos  u*'  this  nar^-  j  rulnr  l  ml  inq  system. 
Identify  all  the  aircraft  components  that  are  corridor*'.'4  to  )■*  a  mrt  of 
the  braking  system  and  that  i/i  1 1  b»  included  f,i  >  h  -sting.  ;  ^f'rr j  b--  fh^ 
antis’. id  system  and  the  control  mode?; , 

3.0  rrest  objective:  The  t**s*  objective  will  v-hat  was  aor^ed  uron  *-y 
the  P.Tn  and  customer,  i.».,  determine  brake  s*mh  :  co^ont ;  M  1  i  t* '  i  *-h  other 
aircraft  systems. 

4.0  Success  Criteria:  What  determines  ir  tu-*  in'st*'n  in  ad«gunte,  mePts 
specifications,  or  is  onerat  tonal  ly  suitable?  I f  an”  development  changes 
are  made  to  the  svstem  after  the  test  inn  has  hrt*n  completed  and  i*  ♦’hose 
changes  could  affect  the  system  performance,  th.-r  significant  r^-t^stinn 
may  be  renuired.  Operational  suitabilitv  testing  wi  M  confirm®  to  t :w-  end 
of  the  t es t  proo ram. 

5.0  Data  Renuirements :  What  data  is  r®ruiir®d  from  th<-  t-^tn  and 
how  is  lata  to  be  presented:  i .  ^ ,  program  control  plots. 

Ground  test  data  should  be  obtained  and  compared  with  the  specifica¬ 
tions  ca  L  led  out  in  the  maintenance  technical  publications. 

f.O  Test  Procedures :  This  saction  will  contain  th°  overall  test  plans 
for  the  J>rake/anti-skid  system.  Specific  test  terhnicues  are  described 
in  t.iis  section. 

7.0  Support  Requirements:  This  section  should  detail  all  of  the  services 
furnished  bv  organisations  other  than  th®  engineer's  ov»n  division  or 
branch.  Included  should  b®  a  list  of  ins trumentat ion  param®t®rs,  range 
support,  weather  support,  data  support,  photo  support ,  f i r«  d>martm®nt, 
weight  and  balance,  etc. 
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DATA  COLLECTION 


Collection  of  the  brake  system  data  is  the  responsibility  of  the  test 
engineer  assigned  to  evaluate  the  brake  system.  The  test  engineer  must 
plan  in  great  detail  how  the  test  points  are  to  be  obtained.  After  he  has 
planned  how  to  obtain  the  points  for  each  mission,  he  should  make  up  cards 
for  this  part  of  the  testing.  He  should  discuss  the  test  cards  with  the 
project  personnel  to  make  sure  that  all  test  points  are  practical.  A  test 
support  summary  should  be  written  for  each  test  flight  detailina  flight 
speed  and  duration,  photo  or  safety  chase  requirements,  range  support  re¬ 
quirements,  and  instrumentation  support  requirements. 

Instrumentation  support  requirements  should  produce  a  prioritized 
list  of  parameters  which  must  be  operating  for  data  analysis  and  safety 
on  each  mission.  The  planninq  should  also  identifv  any  special  instrumen¬ 
tation  pre-  and  post-flight  requirements. 

TEST  CONDUCT 


GENERAL 


All  critical  tests  should  be  conducted  on  Edwards  AFB  Runway  04 
if  the  lake  bed  is  usable.  If  the  lake  bed  is  not  usable,  and  if  the 
aircraft  is  equipped  with  an  arresting  hook,  the  tests  may  be  performed 
on  Runway  22.  If  Runway  22  is  used,  provisions  must  be  made  to  assure 
that  the.  arresting  system  is  operational.  A  determination  if  the  runvav 
is  to  be  used  should  take  into  consideration  lake  bed  condition,  aircraft 
arresting  hook  capability,  and  barrier  arresting  svstem  capability. 
Testing  should  be  terminated  whenever  winds  exceed  previously  determined 
test  limits,  including  gusts  in  any  direction. 

ivfter  each  test,  cooling  fans  will  be  used  to  lower  the  v:h®el/tire/ 
brake  temperature  for  the  next  test  (probably  down  to  about  1D0  r) . 
Consideration  should  be  given  to  orepositioninq  the  cooling  fans  so  that 
the  aircraft  can  be  taxied  into  position  without  using  personnel  to 
place  the  fans.  Fan  placement  near  the  hot  tire/wheel  is  a  hazardous 
task  and  should  be  done  with  extreme  caution.  Airborne  cooling  of 
brakes  can  be  accomplished  if  telemetered  brake  temperature  is  available 
to  the  test  conductor. 

After  each  test,  (when  the  temperature  has  lowered  to  a  point  v.’hich 
is  safe)  tir?  wear  will  be  measured,  tires  examined  for  flat,  snots, 
chunking  and  separation,  and  the  brake  visual lv  inspected  for  wheel  and 
tire  damage.  If  found  acceptable,  the  aircraft  will  taxi  slowl*'  to  the 
end  of  Runway  04  for  the  next  test. 

(Note:  For  safety,  any  time  a  hot  wheel/tire  has  to  be  approached,  it 

should  be  from  the  front  or  rear  direction  (not  the  side)  due  to  the 
possibility  of  bursting  because  of  over  pressurization.  This  includes 
cooling  fan  placement.) 

COMMAND  CONTROL 

overall  control  of  the  test  operations  will  be  exercised  by  the 
project  engineer  or  his  designated  representative  as  the  test  conductor. 
The  water  trucks  and  all  the  fire  fighting  enuipment  will  be  under 
direct  control  of  the  fire  chief  on  duty  or  his  designated  representa¬ 
tive,  who  will  respond  for  normal  test  operations  to  the  direction  of 
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the  test  conductor.  If  a  tire  is  blown  or  any  oth-r  mishan  occurs,  control 
of  clearing  the  runway  and/or  r^coverinq  the  aircraft  will  revert  to  the 
on-sit*'-  or  or-scene  commander  in  accordance  with  normal  crash  re^ov^r'  plans 
and:  procedures, 

Speci f i cal ly ,  the  runway  will  be  closed  to  normal  takeoff  and  landing 
traffic  durinq  testing.  Th-  tower  will  clear  v^hicl^s  and  c^rsonne!  onto 
and  o^f  the  runway  t^rouqh  the  t:st  conductor.  After  t h®  aircraft  has  stoo¬ 
ped  ,  anti  prior  t^e  naxt  t-st,  v-hicles  and  nersonnel  ./ill  Ke  cl°ar-?d  onto 
anti  off  the  runway  ly  the  tst  conductor.  Th^  t^st  conductor  '  ill  notify 
the  tower  wh-^n  the  runway  i^  clear  for  th-  trr,d-.  The  test  conductor 

v. ill  maintain  communication  with  the  tow^r  at  all  times  in  order  to  clear 
the  runw.iw  ir  case  a*"/  o^h^r  aircraft  must  make  an  em^rg-nc*'  landing. 

rih-  or  3  '•  vehicles  allowed,  on  th runv’fi”  during  testing  './ill  1  thr 
VMt-r  wim!  u  f'e  fire  chief's,  a^d  t1' t  =rt:  conductor's.  v*icur"  ?1  shows 
locations  lot  f1'^  various  v’ur l^s  and  th-  rMirnv  •••-tt-d  arm. 


"Yn  j;  n  Smd 


Various  two's  of  t-stinc  are  n-cessarv  to  thnrounhl*'  evaluate  th~  air¬ 
craft  brakes  and  antis?: id  s^st-n.  Thri  following  suKoaranraohs  1-t.a'l  th*~ 
connor  t-^sts  required  a^d  th~  order  in  which  t  h  - ' r  should  h-*»  -ver^orm-d : 

fit  and  Turctior  ^h-ck: 

If  the  brakes  have  not  h-»«n  us^d  on  th  -  aircraft  or e vious  1  y ,  chscks 
should  he  me  1  -  for  hydraulic  line  clearance,  atrr.  With  th‘  aircraft  on 
-jacks,  each  g^ar  should  b-  s1ot,1v  retracted  to  not-  clearances  between 
Ira’-.*3  and  the  s*-rut,  g^ar  door,  and  equipment  in  the  whe«l  well  (door  must 
disconnected  from  actuator  to  ch^ck  whe^l  T‘ll  claaranc®3). 

Taxi  n,ests: 

A  number  of  low  s~>°ad  taxi  t-sts  will  dona  on  th*=  runwaw  to  *nrurr 

integrity  of  the  nodi f icat i ons ,  and  to  ensure  nroper  functioning  or  t hc 
instrumentation  and  brake  system.  Brake  t  ^noeratures  must  be  roni tor  ad 
during  these  t^sts  to  ensure  that  no  limits  are  exceeded.  TTrakes  must  ’e 
allowed  to  cool^m  f  ore  starting  ad  3T  t  Ton7n~~  t  -  stsT  Tsxi  t-sts  should  be 
done  at  low  vsiahts  at-  r>0-rn  knots  with  light  bra):ing  buildino  uw  to  hc.ivv 
:  rakino.  Tire  taxi  1 j m i t s  a^  to  distance/weight  must  not  he  axca^djd. 

Brake  Tests: 

.Since  these  t°sts  may  h^  used  for  a  vari0**”  of  t^st  objectives,  fh® 
procedures  defined  h~re  are  general  in  nature,  *'\\t  "ill  follow  what  is 
normal  lv  required.  The  methodologv  i «?  always  to  us°  a  buildup  of  energy 
levels  and  to  monitor  tQnneratures  and  v:»ar/condition  of  tires/brak es . 
General lv,  at  least  fiv»  st-oos  \/i  11  be  required  at  gradually  increased 
brake  energies  for  **nch  tcst  objoCtiv«,  !.*=>.,  drv  runwav  antiskid  on,  drv 
runwav  antiskid  off,  v;®t  runwav  antiskid  on,  etq# 

^norational  Checks 


Four  or  five  stops  will  b°  made  in  t.h«  normal  gross  weight  range  on  a 
drv  runway.  Braking  should  !■*  moderate,  such  that  antiskid  activitv  is  kent 
at  a  minimum.  Braking  Should  be  terminated  at  the  flight  manual  recommended 
speed.  A  buildup  aporoach  will  be  used  such  t^at  the  hiqnest  Irak.*3  energy 
will  be  on  the  last  test.  Maximum  energy  permitted  would  not  exceed  the 
normal  brake  energy  ?one  for  the  aircraft. 


32 


The  order  of  these  tests  should  be  as  follows: 


Type  of  Stop 


Runway  Condition  Acft.  Cross  Wt.  Range 


banding 

Wet 

Maximum  Landing 

Landing 

Wet 

Minimum  Fuel  Reserve 

Landing 

Dry 

Minimum  Fuel  Reserve 

RTO 

Wet 

Maximum  Takeoff 

RTO 

Dry 

Maximum  Takeoff 

The  braking  speeds 

should  be  controlled 

such  that  all  aircraft  energ 

will  be  essentially  the  same  for  each  test  point  and  this  en^rqy  level 
should  not  exceed  the  midpoint  between  the  normal  and  overload  brake  energv 
7-0 nes.  All  of  the  braking  stops  during  this  test  should  h*avv  braking, 
i.e.,  full  brake  pedal  deflection,  down  to  the  Flight  Manual  recommended 
brake  release  speed. 


Maximum  Brake  Capability: 

Four  to  five  rejected  takeoffs  on  a  drv  runwav  should  hr  performed 
to  verify  the  brakes'  capability  in  aiding  the  aircraft  to  stnn,  or  abort 
a  takeoff,  at  maximum  gross  weiqht.  The  initial  brake  energy  should  be 
slightly  higher  than  the  antiskid  compatibility  test  energy  and  each 
successive  stop  should  be  incrementally  higher  until  the  maximum  planned 
energy  or  temperature  is  attained. 


Wet  Brake: 


The  brakes  should  be  snraved  for  one  minute  with  water  from  a  fire 
hose  so  that  static  and  dynamic  torque  can  b°  evaluated.  Cvclino  the 
brake  pedals  will  aid  in  assuring  all  brake  disks  are  exposed  to  water. 

To  evaluate  static  torque,  soak  the  brakes  in  an  enqine  runun  area  with 
chocked  tires.  After  the  soak,  remove  the  chocks,  hold  the  brakes  and 
slowlv  increase  engine  power  until  normal  takeoff  runun  power  is  achieved 
or  until  the  aircraft  moves.  For  dvnamic  toroue  use  the  samrt  shaking 
and  chocking  procedure.  After  the  soak,  remove  the  chocks  and  perform 
a  taxi  stop  with  one  brake  from  approximately  2D  knots.  Repeat  the  soaking 
and  stop  for  the  other  brake. 


Mixed  Brake: 

If  the  particular  aircraft  proqram  has  two  or  more  qualified  ’-'heel 
and  brake  vendors,  it  is  necessary  to  conduct  a  mixed  brake  test.  This 
test  will  be  a  repeat  of  the  test  conditions  and  procedures  identified  for 
the  antiskid  compatibility  tests  in  the  paragraph  describing  those  tests. 

It  should  be  noted  that  both  vendors’  brakes  must  have  completed  all  test¬ 
ing  identified  in  this  section  prior  to  the  mixed  brake  test.  Durinq  this 
test,  every  combination  of  using  one  vendor's  brake  on  one  side  of  the  air¬ 
craft  with  a  different  vendor's  brake  on  the  other  side  should  b®  evaluated 


RUMWAY  WETTING  PROCEDURE 

It  is  important  to  observe  the  procedure  and  locale  for  vetting  the 
runway.  Standard  wettinq  procedures  are  as  follows: 

A.  Enter  active  runway. 

B.  Wet  a  50  foot  wide  test  section  to  one  side  of  the  centerline 
starting  at  the  11,000  foot  runway  remaining  marker  and  proceed  toward 
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Exit 


the  anproach  end  of  Runway  04  at  approximately  in  moh . 

C.  Stop  wetting  at  the  0  foot  runway  r°mainina  marker, 
the  runway. 

D.  Notify  the  pilot  and  test  conductor  when  wettino  is  complete. 

The  wetting  pass  should  be  made  with  a  1.1  percent  foam/water  mixture. 
The  second  pass  should  use  water  only.  with  these  two  passes  th«  first 
wet  runway  test  can  be  performed.  After  each  aircraft  pass,  the  runway 
should  be  re-wet  alternating  between  the  foam/water  mixture  and  water  only. 
It  is  mandatory  that  the  aircraft  make  its  t^st  run  immediately  aft^-r  the 
water  trucks  exit  the  active  runway  to  assure  that  water  consistence,  or 
runway  slipperiness,  is  maintained  between  test  points.  See  Figure  21  for 
the  test  section  locale. 


CHECKLISTS 


AIRCREW  CHECKLIST 

Call  Sign _ 

Test  Frequency _ 

1.  Taxi  to  end  of  test  runway. 

2.  ^Notify  test  conductor  when  ready  for  first  wettinq  pass. 

3.  ^Notify  test  conductor  when  ready  for  second  wetting  pass. 

4.  Turn  data  recorder  on.  Time  _ _ 

5.  Fuel  quantity.  lbs.  fuel 

6.  Notify  test  conductor  when  ready  to  start  run. 

7.  Antiskid  as  called  for.  (down/off) 

8.  Push  event  switch  for  time  correlation.  (Hive  countdown  for  Askania.) 
R.  Start  test  run. 

10.  Accelerate  to  test  velocity. 

11.  Note  fuel  quantity  and  sneed. 

12.  Throttle  to  idle. 

13.  Apnly  maximum  (or  as  specified)  brakinn  unon  arterina  test  section. 

14.  Hold  brake  pressure  on  until  speed  is  below  2n  knots  or  aircraft  exits 
wetted  test  section,  where  applicable. 

15.  below  20  knots  release  brakes  and  turn  antiskid  off . 

16.  Call  data  off,  push  event  and  turn  recorder  of f . 

17.  Monitor  brake  temperature. 

18.  Notify  test  conductor  of  entry  speed  and  weinht. 

19.  Test  conductor  will  notify  crew  whether  or  not  brake  energy  limit  has 
been  exceeded. 

20.  Aircraft  will  be  taxied  to  point  where  cooling  fans  are  to  be  applied. 

21.  When  brakes  cool  to  100°^,  crew  chief  will  irs^ect  tires  and  brakes. 

22.  Tread  wear  measurement  will  be  made. 

23.  Test  conductor  will  notify  when  to  taxi  for  next  test  point. 

*Wet  Runway  Only 
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TEST  CONDUCTOR  CHECKLIST 


Call  Sign _ 

Test  Frequency _ 

1.  Check  that  all  vehicles  and  aircraft  are  in  the  staging  area. 

2.  Make  sure  all  communications  and  telemetry  is  un  and  oneratinq. 

3.  Obtain  meteorological  data  from  base  weather. 

4.  Obtain  initial  tire,  wheel,  and  outside  brake  temperatures  from  on¬ 
site  engineer. 

5.  Re-brief  test  conditions  and  check  that  all  support  personnel  are  ready. 

6.  Notify  pilot  when  clear  to  proceed  with  run. 

7.  Notify  pilot  if  data  shows  signs  of  a  "whe^l  lock". 

8.  Note  time  at  brake  application. 

9.  Check  actual  brake  energy. 

10.  Monitor  brake  temperatures  for  clearances  to  on  sit®  personnel. 

11.  After  brake  temperature  is  less  than  210  F,  clear  engineer  and  crpw 
chief  to  visually  inspect  brakes  and  tires. 

12.  jf  satisfactory  for  next  test  point,  clear  aircraft  to  staging  area. 


FNCINEER/CREW  CHIEF  CHECKLIST 

1.  Take  tire/wheel  and  brake  temperatures  with  hand  h^ld  pyrometer. 

2.  Notify  test  conductor  of  findings  and  test  status. 

3.  Prior  to  run,  drive  to  center  runway. 

4.  During  run,  monitor  wheels  with  field  glasses  and  notify  pilot  if  a 
wheel  lock  is  spotted. 

5.  Keep  all  personnel  clear  from  the  aircraft  and  take  temperatures  at 
clearance  from  test  conductor. 


FIRE  CHIEF  CHECKLIST 

Call  Sign _ 

Test  Frequency _ 

1.  Prior  to  first  test  run,  wet  the  runway  test  section  with  a  1.1  percent 
foam/water  mixture. 

a.  Enter  runway  from  center  taxiway  when  cl  eared  onto  runway  by  test 
conductor . 

b.  Wet  a  50  foot  wide  test  section  to  one  side  of  the  centerline, 
starting  halfway  between  the  5000  foot  and  4000  foot  runway  remaining 
markers  and  proceed  toward  the  approach  end  of  Runway  04  at  approxi¬ 
mately  10  mph. 

c.  Stop  wetting  halfway  between  the  12000  foot  and  13000  ^oot  runwav 
remaining  markers, 

d.  Notify  test  conductor  when  wetting  complete. 

e.  Exit  runway  at  taxiway  at  approach  end  of  Runway  04. 

f.  Notify  test  conductor  when  clear  of  runway . 

g.  Proceed  to  reTTTTTng  point  and  refill  trucks.  wh°n  full,  return 
to  position  on  center  taxiway  and  stand  by. 

2.  Re-wet  runway  using  above  procedures  when  directed  by  test  conductor. 

3.  Each  subsequent  wetting  pass  will  be  alternated  between  a  1.1  percent 
foam/water  mixture  and  water  only. 

ii 


SAFETY 


HAZARDS  INVOLVED 

tests  will  consist  of  brakinn  tests  on  wet  and  drv  runways.  Th- 
tests  are  necessary  to  evaluate  wet  and  dry  brake  S'^tein  pcrforrf'anr°  f  ir~ 
cludinq  the  antiskid  svstem.  The  hazards  involved  are  oossille  brake 
failure,  blown  tires,  loss  of  directional  control,  and  brake  fires. 

TEST  PROCEDURES  AMD  PRECAUTIONS 

1.  A  thorough  briefing  of  the  pilot,  encine^rs,  and  conductor 

will  be  held  prior  to  each  day's  testing,, 

2.  In  addition  to  normal  duty  crews,  least  or.^  fire  truck  and  an 
ambulance  will  be  positioned  near  where  the  aircraft  is  exnectod  to  ston, 

3.  If  possible,  all  runs  will  be  made  toward  th^  lak^  bed. 

4.  There  will  be  a  4500  foot  section  of  dry  runwav  at  the  exit  end 
of  the  wetted  test  section  to  provide  a  good  brakinn  surface  ir  the  event 
the  aircraft  cannot  stop  in  the  wetted  section. 

5.  Although  the  draq  chute  will  not  normallv  he  used  dnrinn  the*  stoo¬ 
ping  tests,  one  will  be  aboard  the  aircraft,  if  so  enuinned,  to  be  used  as 
needed . 

6.  Brake  pressure  will  be  released  prior  to  comir.n  to  a  complete  sto^ 
(about  20  knots)  to  prevent  brake  seizure.  This  energy,  not  expended,  ne^s 
to  be  accounted  for. 

7.  Brake  temperatures  will  be  monitored  on  board  the  aircraft  (pref¬ 
erably  in  rear  cocknit/coni lot  position).  It  is  hiohly  desirable  to  T.M. 
this  data  so  as  to  be  available  to  the  t^st  conductor. 

8.  The  maximum  temperature  of  the  wheels  and  tires  due  to  h^at  trans¬ 
fer  from  the  brakes  is  estimated  to  occur  approximately  20  to  3°  minutes 
after  stopping.  Therefore,  the  time  between  comina  to  a  sfon  and  taxi  to 
cool  the  wheels/tires  with  fans  will  not  exceed  10  minutes. 

9.  If  the  stopping  kinetic  energy  exceeds  the  maximum  allowable  limit, 
or  if  tires  are  flat  spotted,  the  aircraft  will  b°  taxied  d i r ° c 1 1 v  to  the 
hot  gun  line  and  parked.  The  area  immediately  adjacent  to  the  aircraft 
will  be  evacuated  and  a  fire  truck  will  stand  by  until  the  bra): /t ires 
have  cooled. 

10.  Tire  tread  measurement?  will  be  taken  only  when  the  tires  a-e 
cool  between  tests. 

11.  The  brakes  will  be  inspected  for  wear  and  any  evidence  of  brake 
component  failure  before  each  test  period.  The  brakes  will  b^  serviced/ 
changed  in  accordance  with  the  applicable  Technical  Order. 

12.  To  obtain  good  data,  testing  will  be  terminated  whenever  winds  exceed 
eight  knots  including  gusts  in  any  direction.  This  Unit  is  well  balov: 

any  wind  limit  for  safety  purposes. 

13.  Aircraft  wheels/tires  are  protected  from  explosive  failure,  due 
to  extreme  pressure  buildup  caused  by  high  temperatures,  with  fuse  Plugs 
which  melt  at  certain  specified  temperatures •  Plugs  at  a  specified  meltir.o 
temperature  will  be  required  for  the  tires/wheels/brakes  to  bc  t°sted.  It 
has  been  found  that  batches  of  nlugs  vary  in  melt  inn  temperature  from  that 
given  by  the  manufacturer.  To  ensure  safety  of  the  tests,  the  melting  tem¬ 
perature  of  the  batch  to  be  used  (ensure  that  a  sufficient  supply  from  on^ 
batch  is  on  hand)  must  be  determined  by  selecting  in  a  random  manner  at 
least  5  plugs  and  by  using  a  high  temperature  oven  to  determine  their  melt¬ 
ing  temperature.  If  the  melting  temperature  is  found  to  b*  hi  a her  than  the 
maximum  allowed,  a  new  batch  must  be  ordered  and  the  test  repeated. 

A  sample  Operating  Hazard  Analysis  (t^FTC  Form  28A)  and  a  sample 
Test  Project  Safety  Review  (AFFTC  Form  28)  are  shov.m  in. 
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Appendix  C.  Additional  information  on  control  plots  and  brak<*  energy  is 
found  in  the  Brake  Analysis  Section. 

The  most  important  element  in  conducting  th^se  tests  is  control/  which 
can  only  occur  from  program  trackino  of  brake  energy  and  temperatures. 
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APPENDIX  A 


BRAKE  TESTING  COMPtfTER  PROGRAMS 


PROGRAMMERS  GUIDE 

To  aid  the  test  engineer  in  brake  test  planning  and  data  reduction, 
four  short  computer  programs  have  been  written  in  FORTRAN  IV  extended. 

Each  program  consists  of  a  control  program  and  one  or  more  subroutines. 

Some  of  the  subroutines  are  used  by  two  or  more  of  the  programs.  The 
four  programs  are  THRUST ,  DRAG,  COFS ,  and  SPETD. 

Program  THRUST; 

Program  THRUST  consists  of  a  control  proaram  called  THRU  53 ,  and  a  sin¬ 
gle  subroutine  called  LINFIT.  THRUST  reads  the  ordered  pairs  of  F  and 
VQ ,  establishes  a  new  set  of  ordered  pairs  o^  F  and  V2,  calls  subroutine 
LINFIT,  and  writes  the  result.  '  e 

Subroutine  LINFIT  comes  from  Reference  13,  performs  a  linear  least 
squares  fit  on  an  array  of  up  to  50  pairs  of  data  points.  It  renuires  an 
X-array  of  up  to  50  values,  a  Y-array  of  up  to  50  values,  and  the  number 
of  i>oints  to  be  analyzed.  The  subroutine  then  transfers  the  slope  and  V- 
intercept.  A  complete  program  listing  follows. 
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PRCCRAM  TFRUST (  INPUT  tUUTPUT  »!APt5>*lNPUl  *TAPfcb-OUTPUT  I 
0  IMENSION  FT(5G) 

DIPENSION  VE(50> 

ThIS  PR  0  C  PAP  UE  TERM  I  NS  THE  ZfckU  SPEED  THRUST  AND  THE  SLOPE  OE 
THE  THRUST  CURVE.  IT  USES  A  LINEAR  LEAST  SQUAkES  FIT  . 

INPUT  REQUIRED 

F  T  =  - TC  TAL  THRUST  DIVIDED  BY  AMBIENT  PRESSURE  RATIO 
VE==ECL1 VALENT  AIRSPEED 

J  =0 

CC  2  1=1*50 
REAUC5* 1IFT(I  I  •  VE ( I  ) 

1  FORMAT ( F  1  C  •  2  9 iCX*FI0.2) 

I  F  (  E  OF  ( )  .NE  •  0  )  GO  TO  i 

J  =  J  ♦  1 

V  E (  I  )  *  V  E  (I)*VE(  I) 

2  CONTINUb 

3  CALL  LI NF  IT ( VE  ,FT 9 J tF TO,RK  ) 
k»RITE(6,4  )F  TO  9  R  K 

4  FCRHAT(25F1  THRUST  AT  ZERO  SPEED  =  ,F1C.2926H  SLOPE  OF  THRUST  CUR 

UVE  =  9FIC.8) 

STOP 
E  NC 


SUBROUTINE  L  I  NF  I  T  (  X  ,  Y  ,  N  P  T  S  9  A  ,  B  I 

- THIS  SlBkOUTlNE  FINDS  THt  LEAST  SQUARES  STRAIGHT  LINE  FIT  FUR 

--UP  TO  S 0  PAIRS  CF  DATA  POINTS. 

— (ASSUMING  EQUATION  Y^A*BX) 

REQUIRED  INPUT 

X  -  =  AR  R  A  Y  OE  X  VALUES  (i  D  I  MEN  S  I  0  NAL  9  SO  SPACES) 

Y  *  =  AR  R  A  Y  OF  Y  VALUES  (I  DIMENSIONAL*  SO  VALUES) 

NETS"  NUMBER  Ur  DATA  POINTS 
OUTPUT  TKANSFEktD 
A  s  -  Y  INTERCEPT 
6==SL0PE 
REFERENCE : 

BEVINGTCN9PHILIP  R  •  9  D  A  T  A  REDUCTION  AND  ERROR  ANALYSIS  F LR  THE 
PHYSICAL  SCI  fc  NCES  9MCGRA  l«-H  ILL  BUCK  CIMPANY9NE*  YORK  9  ISfcS). 

Cl  MENS  UN  X(SO) 

DIMENSIOF  Y  (  S  0  ) 

SUMX=0.0 

SUMY=0.0 

S  UM  X  X  =  0  •  C 

SlMXY=O.C 

DC  1  l  ND X  *  1 9NPT  S 

SUMX-SUMMXI  INDX) 

$OMY=SUMY*Y (INOX) 

$UMXX  =  5UM>XMX(INDX)*X(INDX)) 

SLMXY=SUM>Y+(X(INDX)*YlINOX)> 

1  CONTINUE 

SCSMXaSUMX*SUMX 

CELTA*NPT$*SUMXX-SQSMX 

A  *  (  I • 0/ DE  L  T  A ) * ( SUMXX*SUMY-SUMX*SUMXY) 

B  * (  1.0/ OE  ITA)M NPTS*SUMXY-SUMX*SUMY  ) 

RETURN 

END 
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Program  DRAG; 


Program  DRAG  has  been  written  to  compute  the  drag  coefficient  and  the 
rolling  friction  coefficient  from  coast  down  data,  Th*3  program  consists  of 
the  main  program  called  DRAG ,  and  two  subroutines  called  DIST  and  FIN DC . 

Program  DRAG  reads  the  data  and  performs  the  top  level  of  a  two  level 
iteration  process,  by  iterating  the  drag  coefficient  to  obtain  an  accept¬ 
able  rolling  friction  coefficient.  The  result  is  the  simultaneous  solution 
of  two  equations  in  two  unknowns. 

Subroutine  FINDC  performs  the  second  level  iteration  repuired  by  pro¬ 
gram  DRAG.  It  iterates  the  coefficient  of  friction  (either  rolling  or 
braking)  to  obtain  an  acceptable  stopping  distance. 

Subroutine  DIST  calculates  the  stopping  distance  given  a  rolling  fric¬ 
tion  or  braking  friction  coefficient  and  a  drag  coefficient.  Subroutine 
DIST  directly  solves  the  equation  for  stopping  distance. 

A  complete  program  listing  follows. 
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PROGRAM  CRAG ( I NPU T* OUTPUT , TAPES- 1 N PUT , TAPfcb-OU TPU Tl 
COMMON  /FILES/  S « NT  * S I CM A ,F TO t«K » CO tCL « VC1 » VGF »OS 
DIMENSION  ORG ( 3 ) 

THIS  PROGRAM  COMPUTES  THE  ORAG  COEFFICIENT  (CCI  AND  THE  ROLLING 
FRICTION  COEFFICIENT  GIVEN  COAST  DOWN  DATA  OVER  TWO  SPEED  RANGES. 
IT  USES  AN  1TTERATIVE  PROCESS. 

REQUIRED  DATA 
GENERAL 

MING  AREA 
AIRCRAFT  WEIGHT 
AMBIENT  DENSITY  RATIO 
THRUST  AT  ZERO  SPEED 
SLOPE  OF  THRUST  CURVE 
COEFFICIENT  OF  LIFT 
FIRST  SPEED  RANGE 
INITIAL  SPEED 
FINAL  SPEED 
0  I  ST  ANCE  TRAVELED 
SECOND  SPEED  RANGE 
INITIAL  SPEED 
FINAL  SPEED 
DISTANCE  TRAVELED 

READ  (5  ,2C>  DATAWARE 
FORMAT  ( A  10 , l OX  *F20 • 2 ) 

WRITE(6,2  DDATA  ,VARE 
21  FORMAT ( ICX,A10»1CX,F20.5) 

IF  (DATA.EG.IOHNING  AREA  )  S-VARE 
IF  (OATA  .EQ.IOHWEIGHT  I  WT-VARE, 

IF  (DATA.EQ.IOHOENSIIY  RAI  S IGMA-V ARE 
IF  (DATA.CQ.IOHTHRUST  I  FTO-VARE 
IF  (DATA  .EO.IOHSLOPE  OF  T)  RK-VARE 
IF  (OATA. EC .10HLIFT  COEFF)  CL-VARE 
IF  (DATA  .EU.10HSP1-I  I  VG1I-VARE 

IF  (DATA.EQ.lOHSPI-2  )  VGIF “V ARE 

IF  (OATA  .EG. IOHSPF-I  )  VGF I  *  V  ARE 

IF  (DATA  .EC. IOHSPF-2  >  VCFF “V  ARE 

IF  (DATA.EQ.IOHOISTANCE  II  XA-VARE 
IF  (DATA.EQ.IOHOISTANCE  21  XB-VARE 
IF  ( EOF ( 5  I.EQ.C.CI  GO  TO  10 
DRC  1 1  MO.  150 
G  R  G ( 2 ) *0  •  1*0 
ORG ( 3)«0  . 130 
CELTA-O.C  10 
7  -  C  •  0 
Y«1 .0 
C IFF  » 1.0 

V  G 1*  VC  1 1 
VGF*  VGF  I 
C  S  *  X  A 
CO*ORG( 1  ) 

CALL  FINCC  ( CUE  F  F  ,  S  A ) 

VGI-VGIF 

/-/♦  1.0 

V  GF  * VGF  F 

IF  ( Z.GT .50)  GO  TO  50 
0  S  *  X  B 
C  0  *0R G ( 1  ) 

CALL  FINCC  (COEF*Sd) 

OIF-ABS(CCEF-COEFF) 

IF  (OIF  .LE.  .00005)  GO  TO  50 
IF  (DIFF  .IT .DIF  )  GO  TU  40 
CIFF-OIF 
ORG<  3>»0RC(2) 

DRG(2I*DRC( l) 

ORC< 1 )»DRC( 1 ) ♦OFL  TA 

COEFF-COEF 

GC  TO  30 

Y-Y+0.5 

DELTA-! (  1  ,/2. ♦♦Y >*(ORG ( 2 ) -DRG ( 1  )  >  ) 

OIFF-OIF 
DRC i 3)-DPC(2) 

DKG ( 2 l-URCC 1 ) 

ORG  (  1)-DRG(  1M0ELTA 

COEFF-COEF 

GC  TO  30 

AVGE-(COEF*COEFF 1/2.0 
WRITE  (6,60)  CD , A VGE 

FORMAT  (2CH1QRAG  COEFFICIENT  -  ,F7.3 ,/3/H  ROLLING  FRICT1CN  CUEFF1C 
1 1  E  NT  -  ,F7.M 
WRITE  (6,70)  / 

FORMAT  (  1 X  *F  3 • 0  »27H  I T  TE  R AT  IONS  WERE  REQUIRED ) 
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or>or>r>ono 


SUBROUTINE  01 S  T  (COEFF,SS> 

COMMON  /FILES/  S,WTtSIGMAtFTU,RK,CDfCL*VCI,VGFtOS 


- TF15  SUBROUT INF  CALCULATES  THE  STOPPING  DISTANCE  GIVEN  A 

- BRAKING  COEFFICIENT  AND  OTHER  DATA  4  TRANSFERED  IN  ThE  COMMON 

- STATEMENT ) • 

RECUIREO  INPUT 

COEFF--0RAK ING  CUEFF IC  TENT 
OUTPUT  TRANSFERED 

S S-* S  TQPP I NG  DISTANCE 

SS-O. 

IF  4  COEF  F  .GT • 1 .0 )  RETURN 

0-4  SIGMA*S/fi41. 4)*<CQEFF*CL-CD) ♦RK 

A«FTO-COEFF*wT 

C-AL0G4 (  1 .0+ ( B/A)*VG1*VGI ) / (1 . 0* ( B / A ) * V GF *V GF )  ) 

S  S  = ( 1—1 •C*NT)/(64#346*b) )♦€ 

IF  (SS.LT.O.O)  SS-O.L 

RETURN 

END 


SUBROUTINE  FINDC  (COEF, 2) 

COMMON  /FILFS/  $  ,  WT  ,  S  I GMA  , F  TL)  ,  RK  ,CD  >CL  ,  VG 1  »  VCF  , US 
C 

C  THIS  SUBROUTINE  CALCULATES  THE  BRAKING  COEFFICIENT  FROM  THE 

C  DATA  RECIFVED  IN  THE  COMMON  STATEMENT.  IT  USES  AN  ITTERAT1VE 

C  PROCESS. 

C  DATA  TRANSFERED 

C  COEF  »*  COEFFICIENT  OF  FRICTICN 

C  1  -*  NUMBER  OF  ITTERAT10NS 

C 

Z-C.O 
Y  *1.0 

C0EFF-0.2* 

CCEF  *0. 2  5 

CGFF-O. 2S 

DEL  TA  — 0 . C4 

CALL  UIST  ( COE FF  ,  SA ) 

CSA-ABS4  CS-SAI 
IF  CDSA.LT.1.0)  GO  TO  20 
10  CQEF-COEFf *OELTA 

CALL  OIST  (COEF, SB) 

2  *2 ♦ l * 

C  S  B* ABS ( CS-SB) 

IF  (QSB.LT.1.0)  GO  TU  20 
DDS  =  DSA-C  SB 

IF  (DOS. LT. 0.01  OELTA^-I .OAOELTA 
TE5T-4D$-SA)*(D$-SB) 

IF  (TEST. LT. 0.01  GO  TO  30 
S  A*  S  8 
0SA-0S8 
COFF-COEFF 
COEFF-COEF 
CO  TO  10 
20  RETURN 

30  Y ■ Y ♦O  •  5 

C6LTA»(( I .C/2.0AAY)A(COFF-COEFF)  ) 

SA-SB 

DSA-OSB 

COFF-COEFF 

COEFF-COEF 

GO  TO  10 

END 
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Program  COFS 


Program  COFS  calculates  the  braking  coefficient  and  braking  enerqy 
from  brake  test  data  and  ambient  air  data.  It  uses  subroutines  FINDC  and 
DIST  to  perform  the  required  iteration.  (See  the  discussion  of  program 
DRAG  for  more  on  FINDC  and  DIST.)  Program  COFS  reads  the  data,  calls  the 
necessary  subroutines  and  writes  the  results. 

After  the  braking  coefficient  has  o^en  determined  by  FIMPC,  then  uro¬ 
gram  cops  calls  subroutine  ENERG.  ENERG  determines  the  braking  energy. 

A  complete  program  listing  follows. 
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P  K  Ij  Ij  K  A  f!  (.  OF  S(  INPUT*  OUTPUT  tlAbbS^INPUT  »  T A P b6 =UU J PU I  * 

CCPHLN  /  FILFS  /  S**T  •  >IoPA  *t  lU»<<K  »CO*CL  >  VG1  *VCF  »US*bNLK 

- THIS  P  k l GK  A  M  CALCULATE  T  Ht  ttK A K  l  No  CLFbEICIbNT  FROM  Thl  (JAlA 

—  RtAC  lit  LOW. 

KbUUlkbO  0  A  T  A 
hiNO  A  R  t:  A 
A  IkCk  APT  nt  I  onT 
AHriltNT  DENSITY  RATIO 
THRUS1  AT  ^LkJ  SPELL) 

SLUPc  CF  TrtkdST  CbKVc 
DRAG  COEFFICIENT 
L  lb  T  CUbf  b  ICU  N  T 
INITIAL  iPtcO 
blNAL  SPtbD 
0  I  S  T  A  ,S  C  b  TRAVELED 

E  Nk  R  -Q  •  0 

IIC  l  I00f1*l,10 

- DATA  CAROS  ARE  KFAU 

RtAUlS*L)  OATAjVARI 
l  FORMAT t A1C* 10X*F?0«<') 

IFtOATA.fcC.lOHid  I.NG  AkU  JS^VAkl 
lFCLATA. EC. lUNaElGMT  JaT-VAkI 

IFTL'ATA.fC.lOHUFNSlTY  kA  )  S 1 GP A  =  V  AR  1 
IF (DATA . tC. 10HTHRUST  >FTU=VAR1 

IFIOATA.K.  lOHSLOPt  db  T)RK*VAk1 
IF (UATA. kC. IOHORAG  CUt  b  f  J  C 0~  V  Ak  l 
IF ( CAT A •  f  C» lOrIL IbT  CdLb  b ) CL -V  AK 1 
IF (CATA.tC.lOM INITIAL  SP)VGl=VAki 
IMDATA  .  tc.  10HF  INAL  bPu)  VGb*VAM 
IF  (  OATA  .  k  C. 10HG  I  STANCt  )  U  S  =*  V  Ak  I 
i  CCNTlNUF 
nR ITb (6t  2  » 

1  F  CkPAM  "  1  INPUT  JAT  A"  ) 

ftl)  »LL  i  VOI  *  V  Gf  » i)S 

*  FLRPATI^b  S-  *hb.Q*GH  *1=  *blO.^*Bh  SlCPA=  *bS.<t,*>H  FTU-»F6.1*^m 
IK"  if  1 0  •  b  *  S  H  Cd  -  ,F  <».>*•>«  CL=  »F4.3*6H  VGI-  ,Ft.i»6H  VGk!*  *lb.I*llh  LILIAN 
ir  U I S  T  A  N  U  =  »  F  7  •  1  ) 

SGfiRtiG  T  INF  b  A  R  l  LALLtO 

CALL  flNCCIUJtf  1 1) 

CALL  h  Nt  k  C ( COL  f • I G ) 

L  ALl  Lil  S  I  (CGI  b  *  S  d  J 
L  sl  C  /  lGOCCCo. 

•>  P  I  T  H  o  i  S  )  CdbF*L*jd*/ 

9  FCRPATfH  RESULTS  API",/,"  BRAKING  COb  bFIClLNT  -  w»F/-6»"  BRAKING 
HMkGY  -  LI  A  Oo  STOPPING  iJlSlANCf  *  NOfldtk  OF 

<*F  ITTl  RATION*  RbCUlKtu  "  ",f  KOI 


^  L  h  k  U  If  I  1 M  t  Nt.  RG  (  CLEF  t  »t  ) 

CGPHUN  /  TIL;.  S  /  S  ♦  *  l  *  :>  l  v,  P  A  ,  F  l  0  *  KK  »  CD  t  L  L  *  VG  1  •  V  GF  ,  U  } 

—  THIS  UL'KCUUNt  CALCULATES  Tht  TOTAL  BKAK  I  No  ENERGY  GIVEN  A 
BRAKING  LltltUlEM  ASu  OTHER  dATA  1 1 R ANSF  L RE  0  In  THE  COUPON 
STAT  I  NI  N  1  ) . 

R  T  Cl,  1  k*  0  1  NPU  I 

UJI  M  -  *  MR  AK  IM»  OufFFJCifM 
»)L  T  P  U  T  T  R  AN>F  L  R  E  0 

I  =  =  BRAK I  NO  t  Nk  KG Y 


BMSlCPA*S/rt<il.*mCUtEF ♦ CL -LG  I  f k  K 
A  - F  TU-Cul FF 

C=ALOG<  t  I  .UMti/A|*VCI  *VGI  >  /  <  1 .  U  ♦  (  »  /  A  )  ♦  VGF  *  V GF  )) 

C  =  (SlGKAAS/H<il.A>*tL 
J- <  T ♦ <  G/ <  B  /  A )  I  >*C 

t  *  (  ICOlFF  **T|  /  (  )  ♦  4  <  <  VCMVGl  >- <  VGF  ♦  VGF  M-t)  I 

R  T  TORN 
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SUBROUTINE  F  I  NO  C  (  COEF  »  L  ) 

CCMMON  /  FILES  /  S»WT, SIGMA  ,FTG,RK  ,CD,CL,VCI  ,VGF,DS 

THIS  SUBROUTINE  CALCULATES  THE  BRAKING  COEFFICIENT  FROM  THE 
DATA  RECIEVEO  IN  THE  COMMON  STATEMENT «  IT  USES  AN  ITTERATIVE 
PROCESS. 

DATA  TRANSFEREO 

COEF  ==  COEFFICIENT  OF  FRICTION 
L  ==  NUMBER  Of  I T  TERAT IONS 


7-C.O 

Y  *  1 .0 

COE  FF  =0  •  <:  5 

CGEF-0.25 

C0FF-0.2S 

DELTA •  C  4 

CALL  01  ST (COEFF »SA) 

D  S  A* A BS ( C  S-SA  ) 

IFIOSA.LT • 1 .0 ) go  tu  S 
7  COEF=CUEFF*OELTA 
CALL  DI ST (COEF  ,SB) 

1  =  1  +  1. 

CSB-ABS(CS-SB) 

IFCOSB.LT  .1.0)  GO  TO 
CCS^OSA-CSB 

IF ( DDS. LT. 0. 0 ) DELTA*- I. 0* DELTA 
TEST*(OS-SA)*tOS-SBI 
I F ( TE  ST .LT.O.OIGO  TU  II 
S  A  =  SB 
D  S  A  =  OSB 
COFF= COEFF 
C CE FF  =C 0 E  F 
GC  TO  7 
II  Y  * Y ♦ 0  •  5 

D  EL  T  A  =  (  (  1  .0/<>.0*4Y)4( CUFF-COEFF ) ) 
S  A  =  S  B 
C  S  A  =  OS  8 
C OF F  =  COE  F  F 
C OEFF  =  CG E  F 
GC  TO  7 
5  RETURN 
ENC 


SUBROUTINE  0 1 S T ( COE FF , S S  ) 

COMMON  /  FILES  /  S , M T , S I G MA t F T 0 , RK  ,  CD , C L  ,  VG I , V C F , 0 S 

—  THIS  SUBROUTINE  CALCULATES  THE  STOPPING  DISTANCE  GIVEN  A 
BRAKING  CCEFFICIENT  AND  OTHER  DATA  (TRANSFEREO  IN  THE  COMMON 
STATEMENT  ). 

RECUIRED  INPUT 

COE  F  F  =  *  8R  AK I NG  COEFFICIENT 
OUTPUT  TRANSFERED 

$  S=  =  S  TGPP ING  DISTANCE 


SS*C. 

IF (COEFF  .  CT  .1.0)  RETURN 

B* (SIGN A *5/841.4 )*( COEF F*CL-CD)+KK 

A *F  T O-COE  FF  *WT 

C  *  AL  OG  (  (  1  .OMB/A)*VOI*VGI  I  /  (  l.  0  ♦  (  B  /  A I  ♦  V  GF*V  GF  i  ) 

SS*( (-i.C*WT)/(64.346*BI )*C 

IFiSS.LT .C.O)SS30.l 

RETURN 

ENO 
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Program  SPEED: 


Program  SPEED  is  desiqned  to  aid  the  engineer  in  determinin'!  nn  ini¬ 
tial  speed  for  a  braking  test  to  yield  a  desired  braVing  energy* 

Program  SPEED  consists  of  a  control  pronram  called  SPEED,  and  threo 
subroutines  called  VEL,  DIST,  and  ENERG.  Program  SPEED  reads  the  data, 
calls  the  needed  subroutines,  and  writes  some  of  the  results. 

Subroutine  VEL  calculates  the  initial  sneed  n^*d^d  to  'M«]d  th<*  desir 
braving  energy  using  an  iterative  process.  (For  more  information  on 
subroutine  ENERG,  see  the  discussion  of  program  COFS.) 

A  complete  program  listing  follows. 
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PROGRAM  SPEED!  INPUT  ,UUTPUT,TAPES-INPUT,TAPE6*ULTPUT) 
COMMON  /  FILES  /  S ,  *T  ,  S  l  GHA  •  I  1 0  •  RK  *  CO  »  C  L  *  VG  I  *  V  C  F  ,  I)  $  *  t  NT  R 


--THIS  PROGRAM  RFAUS  THE  DATA  AND  CALL  S  THL  SUBROUTINES  f  UR 
FOR  CALCLLAT INC  THF  INITIAL  SPtlU  NEEDED  FUR  A  DESIRED  BRAKE 
ENERGY. 

REOUIREO  DATA 
MING  AREA 
AIRCRAFT  WtlGhT 
AMBIENT  DENSITY  RATIO 
THRUST  AT  ZERO  SPEtU 
SLOPE  Of  THRUST  CURVE 
DRAG  COEFFICIENT 
LIFT  COEFFICIENT 
BRAKING  FRICTION  COEFFICIENT 
DESIRED  BRAKING  ENERGY 


CO  l  I  OU  M  *  I  »  VJ 
REAO(Sfi)  DATA*  V  Ak  L 
1  FORMAT! A1C*10X*F20. 2) 
RRITE(H*6)UATA*VARE 
5  FORMAT! 1>*A10*2X*F20.2) 

IF!DATA. E  C • IOH  *  ING  AREA  JS-VARE 
IF 10ATA. EC. IOH HEIGHT  ) WT^VAKE 

TF (DATA. EG. IOH DENSITY  KA)SIGMA=VAKE 
IF (DATA. EC. 10H THRUST  ) F  TO  =  V  AR  E 

IF (DATA, EC. lOHSLOPt  UF  T ) RK  =  V  ARE 
IF(DATA. EC.IOHDRAG  C UE F F ) C D= V AR E 
IF(DATA.EC.10HLIFT  CUE FF ) CL  =  V  ARE 
IF (OAT A. EC.  IOH BRAKING  CU)COEF=VARE 
IF (DATA. EC.  IOH ENERGY  >ENbk=VAKE 

l  CONTINUE 
WRITE(b*3) 

3  F  CRM AT ( 1 F  1 ) 

CALL  V E L ( CUE F ) 

CALL  D I S  T ( COE F  *  S S  I 
*RITE(6*4)SS 

4  F  OR  MAT  (  /  2  1H  STOPPING  DISTANCE  =  ,F10.2) 

S  TCP 
END 


SUBROUTINE  0  I S  T ( COE  F  F  ,  S  S  ) 

COMMON  /  FILES  /  S *  fa T * S I C M A  * E T U , RK  ,  CD  * C L * VG I  *  V C F , D S 

- THIS  SUBROUTINE  CALCULATES  THF  STOPPING  DISTANCE  GIVLN  A 

—  BRAKING  COEFFICIENT  AND  U  T  HE  k  DATA  (TRANSFLRED  IN  THE  CUMMUN 

—  STATEMENT  )  . 

REQUIRED  INPUT 

COE  F  F  *  =  BR  AK ING  COEFFICIENT 
OLTPUT  TRANSFERlD 

SS-  =  5  TOPP ING  DISTANCE 


SS  =  0. 

I F ( CGfcFF  •  CT  •  I  •  G  )  RETURN 
8  *  ( SIGMA*S/841 .4)*(CQEFF *CL-CD)*RK 
A»F  TO-COE  FF**T 

C*ALOG(  ( 1.0+(8/A)*VGI*VGI>/( 1.0+(B/A)*VCF*VGF)  ) 

SS«( (-l.C*NT 1/(64. 348*BI)*C 

IFISS.LT .C.O)SSsO.I 

RETURN 

END 
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SCPRuUT  1  Nt  VLL(OJ4  ) 

iCPPUN  /  MLtS  /  0  j  ,  ii  G^A  ,H  i.f  ka  *U; ,  U  »VU  ,  J  ,  ,i  Ni  P 


- IMb  HtKlitmt  (,  AL  Cul  Alt  j  AN  INITIAL  ^Pl.r  j  frlU  A  at  N  1  *  b  i* 

—  ri  k  AK  INC  fcMKGY.  IT  Uii  >  AN  HUkAIIVI  PklJCijN. 
k  t  *_J  L*  I  *<  J  1 J  INPUT 

C  u  t  F  =  -  u  k  A  K  l  N  0  CUL  b  t  it.  i  t  N  T  Lb  b  *  1  C  I  1  U 1% 

ALL  UlTPuT  fkANUlMu  IN  Tbi  CLTPCN  ^  T  A  T  >  I*  i  .  N 1 


v  G  I  -  /  0  0  . 

V  Gb  »  C  •  U 

IFltNtK.ll.O.OTkt  TUKN 
l  =  C  .  0 

V  *  1  «  C 

VG*>  veil  -  K. 

4  C  J  I  =  V  G  I 
LI  LlA  =  TO. 

CALL  I'M  KautJ  itCl  ) 

CM-Ad^UMK-Ul) 

If  (  0 1  A  »  L  I  •  lOCd  TCU  Tii  f 
1  VCI*VGI  i  ♦  LM  I  A 
/*/  ♦  1 .0 

IfU.U.HJGU  TG  P 
Call  LNt  K(  Cut  b  «  t  Ci  1  i 
C  t  H  -ASN  (  t  Nt  rt-r  Oil) 

IF (Lttf.l  T  .  10CU  •  I  Of;  Tw  .* 

L’  n  i  *  i)  i  a  - 1:  t  ti 

IF  I  UJi-  .1  T  .1 .0  )  Ci  LU--L  .0*uk  Ll  A 
7£  ST=l  tNF  k-I  Cl  TMrNr  *-i  ^  I  I  ) 

IFtTiNl.LT.U.OIGo  T  U  't 
t  G I «t Gil 
C  F  A  =  Lh  * 

V  C  C  -  VG  I  I 

V  C  1  I  -  V  G  i 
C  C  T  G  i 

t  t  Nt  C  =  c  L 11  /  IOOUlCu. 

wklTr  lbij)lNtG*VlIW 

T  FUK'AH  '*FC  Ut'tHtiJ  ,t  k  AK  t.  t.icrOY  ■»  t  KJf"  ‘  ^  J  <  1M  MAI 
l  ;  " » M  .  c  » "  VTV  lb  k  it  il  If  KAli'/ib  m  U'jUh]  M,H.O) 
kb  Tl/KN 
A  Y  =  Y  ♦()  .*? 

LrLTA  (  (1  .v,  t<  ,C4*Y  >  *  <  Gl  M 

t  C,  1  =  f  G  i  1 
C  t  A  -  U  ■: 

V  G  b  -  V  .i  I  1 

V  L  1  1  -  V  \v  i 
CC  TU  1 
b  M 


S  U  H  P  C  U  T  I  M.  tNMUCLtl  b  ».  ) 

ClvPLH  /  M  L  i  >  /  Yi*<T*>IG^AfHCiK<toij|CL*VdiVCFi»iS 

—  THh  iltFUuTiV.  CALCOlATI  ’,  ItiL  T  L  lAL  CKANlNG  tNtkUY  GlVbN  A 
PEAKING  UlFMlil  M  J  c.  T  HL  K  u  A  |  A  <  T  «  A  N  *F  t  *<  L  U  IN  I  LUM'u\ 

STATb*b,\TI* 

<1  LUIkt G  INPUT 

C  L*  P  F  ~  =  *?p  Ax  i  N.»  t,tii  t  Mut  M 
'll  T  PUT  1  k  AN>H  *t  .) 

f  -  HKAMM,  b  ,f  PC  Y 


b b * CL-tU # *► K 

A  *F  T  Ll-Ciii  FF  *«T 

OALUGT  t  1.0MB/A|*V0|vVo]  I  /  I  l.uMM/A»*YGb*VCf  )  ) 

G  =  (  >IGMA«  5/ts^ii  •  H  I  $CL 
Ca<»*T*(C/lH/A  )  )  )  *C 

fc  *  I  I  cut  )-(V.,b«Vtf  n-1*) 

Pfc  TUkN 


AFFTC  TEST  INFORMATION  SHEET  (Tl$) 

_ I _ TEST  PROCRAim _ 


.  Ti  TL£  TEST 


F- 15  GOOGYEAR  GENERATION  5  CARBON  BRAKE  EVAL 


VEHICLE  rype 
F* '  1 5 

eFrecxtviTY 


fT|$  t  VP£  '  LOCATION  oTTEST 

□  ^ah  QX| Pnoceou«AL  Edwards  AFB  CA 


[TESTING  ACTIVITY 


PAOt  ]  OW£  PAOf» 


1.0  BACKGROUND  The  Air  Force  has  a  critical  spares  shortage  for  F-15A/B  brakes 
(Generation  TT due  to  the  unavailability  of  the  carbon  fiber  to  the  vendor.  The  new 
[Generation  5  brake  has  no  materials  availability  problems.  In  addition,  the  Generation 
|5  brakes  have  lower  manufacturing  costs  and  improved  durability  as  shown  tbr ouqh 
idynamometer  verification  tests.  ASD/AEAA  and  ASD/YFA  (TEST)  have  requested  in 
jinmediate  compatibility  test  to  qualify  the  Generation  5  brakes  on  F-15A/B  aircraft. 

.'2.0  TEST  OBJECTIVES:  To  verify  compatibility  between  the  F-1r>  anti-skid  s.  tern  and 
.Good; ear^Genermor  “5  rarbou  bra^s  Demonstrate  mat  the  sto  ing  1isTanc  of  the 
Generation  5  brake  is  compatible  with  tne  I-15A/1  Might  manua  .  Verify  th.  the  hot 
and  cold  static  torque  is  sufficient  for  enqine  runup.  Verify  compatibility  of  mixed 
sets  of  Goodyear  Fourth  and  ifth  Generation  brakes  with  tne  F-15  anti-skid  system, 
normal  broking  system  and  emeraency  braking  system.  ! 

I  ~  ! 

3.0  GE*  \l  INFORMATION:  AFFTC  and  Goodyear  enqineers  will  be  in  attendance  for  pre- 
> flight  anc  postfl iqht  inspections  of  the  brakes.  Wear  data  will  be  taken  after  each 
fHnht.  .ould  any  hydraulic  or  structural  problem  become  apparent  during  insoection, 
a  fix  wi •  be  made  or  the  brakes  will  be  removed  and  the  project  ended.  All  stsndard 
preflm  v..  postfl  ight  procedures  will  be  followed.  During  tests,  all  necessary  fire  | 
iequi  nent  will  be  present  along  with  an  engineer  in  a  radio  vehicle.  The  Test  | 

[Conductor  or  the  project  pilot  will  have  the  authority  to  suspend  further  testing  at 
jjny  time  Ty  '  brakes  will  have  thermocouples  so  that  stack  temperatures  can  oe  moni¬ 
tored  dur  ny  eacix  test. 

BRAKE  TEST  MEASURANDS  I 


SEQUENCE 

NUMBER 

PARAMETER  NAME 

SAMPLE  RATE 

1  SM13* 

Brake  Stack  Temp,  Left 

10 

SM14* 

Brake  Stack  Temp,  Right 

10 

MA07* 

Wheel  Speed,  Left 

60 

MA08* 

Wheel  Speed,  Right 

60 

SM11* 

Brake  Pressure,  Left 

60 

SM12* 

Brake  Pressure,  Right 

60 

SM17* 

Anti-Skid  Control  Valve  Signal 

60 

AFFTC  ,261b  Ti.  a  TE.S  AP  FT  c  FOHM  0-1,28  JON  73  WHICH  WILL  BE  USED 
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AFFTC  TEST  INFORMATION  SHEET  (TIS) 

(  TEST  PROGRAM) 

DATE 

page  2  of  6pages 

Title  or  test 

vehicle  type 

TIS  NUMBER 

F- 15  GOODYEAR  GENERATION  5  CARBON  BRAKE  EVAL 

F-l  5 

13 

ErrecTiviTY 

REVISION 

TBD 

E 

TIS  TYPE 

L2!Plan  _X  p*oceouRA L 

LOCA  TION  OF  TEST 

Edwards  AFB  CA 

TESTING  ACTIVITY 

AFFTC 

HAZARDOUS 'UNUSUAL  TEST 

SM15 

Pilot  Metered 

Pressure,  Left 

10 

SM16 

Pilot  Metered 

Pressure,  Right 

10 

CF04 

Brake  Pedal  Pressure,  Left 

10 

CF05 

Brake  Pedal  Pressure,  Right 

10 

AA04 

Nx 

10 

AA05 

Ny 

10 

AA01 

Ai rspeed 

10 

ENOS 

INS  E-W  Veloci 

ty 

10 

EN06 

INS  N-S  Velocity 

10 

EN40 

INS  Groundspeed 

10 

EN07 

INS  Heading 

10 

PF09 

i 

Internal  Fuel 

Quantity 

10 

*These  are  no-qo  parameters  which  must  be  operational  and  telemetered  to  the  real 
time  control  room. 


Winds  wHl  be  below  10  knots  for  the  tests  in  paragraphs  4.2  and  4.5. 

4 . 0  BRAKE  SUBSYSTEM  TESTS: 

4.1  OBJECTIVE :  To  conduct  an  operational  checkout  of  the  Generation  5  brake 
through  a  buildup  technique  to  energy  levels  that  will  be  required  during  anti-skid 
compatibility  testing. 

4.1.1  Test  Conditions:  These  tests  will  be  conducted  on  a  dry  surface. 

A  table  will  be  given  to  the  pilot  providing  different  initiation  speeds  at  different 
gross  weights  for  desired  energy  levels.  Aircraft  will  be  configured  for  these  tests 
with  flaps  down  and  speed  brake  out. 


OPERATIONAL  CHECKOUT  TEST  CONDITIONS 


Test 

Point 

Anti- 

Skid 

Gross 

Wei ght 
( pounds) 

Stop 

Initiation 
Speed  (knots) 

Runway 
Condi t ion 

Total 

Aircraft  Energy 
(ft- lbs  X  10"°) 

Brake 

Pedal  Force 

I 

NORM 

35,000 

60 

DRY 

5.6 

MEDIUM 

2 

OFF 

35,000 

60 

DRY 

5.6 

AS  REQUIRED 

3 

EMER 

35,000 

60 

DRY 

5.6 

AS  REQUIRED 

4 

NORM 

35,000 

96 

DRY 

14.4 

LIGHT 

5 

NORM 

35,000 

108 

DRY 

18.0 

LIGHT-MEDIUM 

f 

NORM 

35,000 

116 

DRY 

21.0 

MEDIUM-HEAVY 

1 

NORM 

J5 ,  100 

124 

DRY 

?  *  _  n 

HEAVY 

he  plages  a  f  r  tc  form  o-i  28.  jum  tv  which  will  be  used 
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AFFTC  TEST  INFORMATION  SHEET  (TIS) 

<  TtJT  PKOCBAM) 

OA  TC 

BIB 

TITL«  or  Tisr 

F-15  GOOOYEAR  GENERATION  5  CARBON  BRAKE  EVAL 

VEHICLE  TYPE 

F-15 

aamw 

RE  VISION  1 

J. _ 

T|»  TvRf 

LOCATION  O  f  EST 

TESTING  ACTIVITV 

HA  ZARDOUS/UNUSlML  TEST 

[_jRLAN  J(j  PROCEDURAL 

Edwards  AFB  CA 

AFFTC 

4.1.2  Test  Procedures:  These  brake  tests  will  be  accomplished  prior  to  the 
testing  of  para  4.2.  During  taxi  out  to  the  main  runway  the  pilot  will  perform 
brake  applications  as  required.  Brake  parameters  will  be  monitored  by  the  Test  Con¬ 
ductor  in  the  telemetry  room.  TheTest  Conductor  will  be  in  radio  contact  with  the 
pilot.  The  pilot  will  initiate  braking  based  on  INS  ground  speed.  At  the  conclusion 
of  each  test  point,  the  brake  stacks  will  be  cooled  to  a  temperature  of  100  degrees  C 
or  less  before  the  next  test  point.  This  will  be  accomplished  either  with  cooling 
fans  or  ny  using  a  $ f op -and -no  technique  with  the  qea**  down  dur  ing  the  no  a»‘und.  If 
tue  sto;  and  g  te-  inique  i  used,  tne  pilot  will  ae>u.  rake  to  i  ne  ini!  ati  speed. 

4  1  3  Support  Requirements:  A  P-2  fire  truck  with  a  two-ma*'  cr*  -■  is 
require^.  lra:,n  recovery  su ppor t  will  be  required  for  the  <  outing  fans 

4.1.4  Data :  Telemetry  data,  inspection  data,  and  pilot  comments  will  be 
used  for  evaluation  of  the  brake. 

4.2  OBJECTIVE :  To  verify  compatibility  between  the  F-15  anti-skid  system  and 
Goodyear  Generation  5  disc  brake  and  to  demonstrate  that  the  stopping  distance  of  the 
Generation  5  brake  agrees  with  the  flight  manual. 

4.2.1  Test  Conditions:  Tests  will  be  conducted  on  both  dry  and  wet 
surfaces.  Aircraft  conf iquration  for  these  tests  will  be  flaps  down,  speed  brake  out 
and  three  ballast  tanks. 


TAXI/ANTI  SKID  TEST  CONDITIONS 


Test 
Poi  nt 

Gross 
Weight 
(pounds ) 

Stop 

Initiation 

Speed  (knots) 

Runway 
Condi tion 

Total  Aircraft 

Energy  A 

(ft-lbs  X  10  ) 

1 

35,000 

130 

Dry 

26.2 

b 

53,000 

107 

Dry 

27.1 

b 

53,000 

130 

Dry 

39.4 

t 

35,000 

136 

Wet 

28.6 

3 

44,000 

117 

Wet 

26.7 

4 

53,300 

103 

Wet 

25.1 

Note: 

Brakes  Dynamometer  qualified  to 

24.6  X  10b  foot-pounds  each.  Higher  weights 

achieved  using  ballast  tanks  filled  with  water 

4.2.2  Test  Procedures:  During  tax;  out,  brake  temeratures  will  be 
monitored  in  the  telemetry  room  by  the  Test  Conductor.  The  brakes  will  be  cooled  to 
100  degrees  C  oefore  each  test  point.  The  pilot  and  the  Test  Conductor  will  insure 
that  the  anti-skid  is  in  normal  position.  Heavy  braking  will  be  used  for  each  test 
point  to  obtain  adequate  anti-skid  cyclinq.  The  Test  Conductor  will  monitor  the 
telemetry  and  be  in  radio  contact  with  the  tost  pilot  to  prevent  hot  or  locked  brakes. 
The  pilot  will  initiate  braking  based  on  INS  ground  speed.  A  fire  truck  will  be  in 
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|  AFFTC  TEST  INFORMATION  SHEET  (TIS) 

|  (  TEST  PROGRAM) 

OATE 

1  TITLE  OF  test 

VEHICLE  TYPE 

F- 15 

TIS  NUMBER 

13 

|F- 1 5  GOODYEAR  GENERATION  5  CARBON  BRAKE  EVAL 

EFFECTIVITY 

TBD 

REVISION 

E 

Tl*  T  VP  E 

□  plan  JXi  procedural 

LOCATION  OF  TEST 

Edwards  AFB  CA 

TESTING  activity 

AFFTC 

HAZARDOUS/UNUSUAL  test 

[attendance  throughout  the  period  of  testing.  Cooling  fans  will  be  used  to  cool  the 
brakes.  The  brakes  and  tires  will  be  inspected  after  each  test  point.  At  the 
completion  of  these  tests ,  the  brakes  will  be  removed  from  the  aircraft  for  a  tear- 
down  inspection. 

4.2.3  Support  Pegu i rpmonts :  Same  as  -4  1.3.  Demineral i zed  water  will  be 
required  fo  fill  the  external  ballast  tanks. 

4.2  4  Data:  The  data  specified  in  4.1.4  is  required.  A  brake  inflection 
will  be  performed  and  wear  data  taken  at  the  conclusion  of  this  testing.  Dual-station 
phototheodolite  data  is  required  during  each  run. 

4.3  OBJECTIVE :  Verify  that  the  hot  and  cold  static  torque  is  sufficient  for 
engine  runup. 

4.3.1  Test  Condi t ions :  The  tests  will  be  conductea  on  a  dry  surface  with 
both  engines  operating.  Engines  will  be  advanced  to  produce  thrust  equivalent  to  that 
predicted  for  BOS  RPM  at  Sea  Level  with  a  -40  degree  F  ambient  temperature.  Brake 
temperatures  between  ambient  and  1000  degree  F  will  be  used  with  at  least  one  test 

at  1000  deqree  F.  Tests  will  also  be  conducted  with  one  engine  at  first  stage  after¬ 
burner  . 

4.3.2  Test  Procedures •  These  points  will  usually  be  points  of  opportunity 
during  the  brakiruT  tests.  Far  each  point,  the  pilot  will  advance  the  throttles  to 
obtain  computed  RPM/FTIT  based  on  temperature  and  pressure  altitude  while  holding  the 
aircraft  with  the  brakes.  If  the  brakes  hold,  the  pilot  will  slowly  release  pedal 
pressure  until  the  aircraft  just  begins  to  move  and  then  increase  the  pedal  force.  If 
the  brakes  do  not  hold,  the  pilot  will  reduce  the  throttle  settings  to  IDLE,  apply 
pressure  to  the  brakes  (to  get  maximum  brake  pressure)  and  advance  throttles  until  the 
aircraft  just  beqins  to  move.  The  pilot  will  record  RPM  and  FTIT  at  this  point. 

4.3.3  Support  Requirements:  Same  as  4.1.3. 

4.3.4  Data :  Telemetry  data,  pilot  comments,  and  pilot  recorded  FTIT  and 
engine  RPM  are  required, 

4.4.  OBJECTIVE:  To  conduct  an  operational  checkout  of  a  mixed  set  of  Goodyear 
Generation  4  and  Generation  5  carbon  brakes  through  a  buildup  technique  to  energy 
levels  that  will  be  required  durinq  anti-skid  compatibility  testing. 

4.4.1  Test  Conditions:  These  tests  will  be  conducted  on  a  dry  surface.  A 
table  will  be  qivon  to  the  pfiot  providing  different  initiation  speeds  at.  different 
gross  weights  for  desired  energy  levels.  The  Generation  5  brake  can  be  mounted  on 
either  side  of  the  aircraft,  the  same  test  conditions  as  in  section  4.1.1  will  be 

used 

4.4.2  Test  Procedures:  Same  as  4.1.2  except  these  are  prerequisites  for 

4.5. 
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|  AFFTC  TEST  INFORMATION  SHEET  (TIS) 

1  1  test  PROGRAM) 

date 

Dm 

iTITLtOf  TEJT 

VITH'CLE  TYPE 

F-15 

TIS  NUMBER 

13 

|  F-15  GOODYEAR  GENERATION  5  CARBON  BRAKE  EVAL 

effcctivity 

TBD 

RE  VISION 

E 

TIS  TYPE 

Q]  PLAN  PROC  EDU  RA  L 

LOCATION  OF  TEST 

Edwards  AFB  CA 

testing  activity 

AFFTC 

mazardgus/unusual  test 

4.4.3  Support  Requirements:  Same  as  4.1.3. 


4.4.4  Data :  Same  as  4.1.4. 

4.5  OBJECTIVE :  To  verify  compatibility  between  the  F-15  anti -skid  system  and 
a  mixed  set  of  Generation  4  and  5  brakes  and  to  demonstrate  that  the  stopping  distance 
of  the  mixed  set  of  brakes  agrees  with  the  flight  manual. 

4.5.1  Test  Conditions:  Same  as  4.2.1. 


4.5.2  Test  Procedures:  Same  as  4.2.2. 

4.5.3  Support  Requirements:  Same  as  4.2.3. 

4.5.4  Data:  Same  as  4.2.4. 

4.6  OBJECTIVE :  To  verify  that  the  hou  and  cold  static  torque  of  a  mixed  set  of 
Goodyear  Generation  4  and  5  carbon  brakes  is  sufficient  for  engine  runup. 

4.6.1  Test  Condi tions -  Same  as  4.3.1. 

4.6.2  Test  Procedures:  These  points  will  usually  be  points  of  opportunity 
during  the  braking  tests.  For  each  point,  the  pilot  will  advance  the  throttles  to 
obtain  computed  RPM/FTIT  based  on  temperature  and  pressure  altitude  while  holding  the 
aircraft  with  the  brakes.  If  the  brakes  hold,  the  pilot  will  slowly  and  evenly 
release  pedal  pressure  until  either  brake  begins  to  slip  and  then  increase  pedal 
force.  If  eUher  brake  does  not  hold,  the  pilot  will  reduce  the  throttle  settings 

to  IDLE,  apply  pressure  to  the  brakes  to  get  maximum  brake  pressure  and  advance 
throttles  until  the  aircraft  just  begins  to  move.  The  pilot  will  record  RPM  and  FTIT 
at  this  point. 

4.6.3  Support  Requirements:  Same  as  4.1.3. 

4.6.4  Data:  Same  as  4.3.4. 
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AFFTC  TEST  INFORMATION  SHEET  (TIS) 

(  TEST  PROGRAM) 

DA  TE 

pa  &  f  50^6  *agcs 

title  Of  TEST 

VEHICLE  TYPE 

TIS  NUMBER 

F-15  GOODYEAR  GENERATION  5  CARBON  BRAKE  EVAL 

F-l  5 

13 

CPrECTJV'JTY 

REVISION 

TBD 

_ £ _ . 

TlJ  TYPE 

LOCATION  OF  TEST 

(testing  acti  vit  y 

HAZARDOUS  'UNUSUAL  TEST 

QjPLAN  procedural 

Edwards  AFB  CA 

|  AFFTC 

APPENDIX  -  AIRCRAFT  CHECKLIST 

1.  Prior  to  the  tests  turn  records  on  and  record  full  brake  pedal  deflection*  cycle 
of  anti-skid  switch,  and  full  rudder  pedal  deflection  in  the  normal  and  maneuver 
modes 

2.  Notify  the  Test  Conductor  that  the  records  are  complete. 

3.  Before  rolling: 

a.  Check  anti-skid  in  NORM  (if  required) 
b  Check  flap  position  (down) 

c.  Record  fuel  quantity 

d.  Call  "recorder  on"  and  turn  recorder  on. 

4  While  rolling: 

a.  Check  wheel  speed  indicator 

b  When  target  speed  is  attained,  retard  throttle  to  IDLE  and  apply  brakes, 
c.  Note  speed  when  brakes  are  aoplied. 

5  After  stop  -  record  fuel  quantity. 

a.  Call  "recorder  off"  and  turn  recorder  off. 

6.  Cool  brakes. 

7  When  cleared  by  the  Test  Conductor,  taxi  back  to  runway  04  using  the  brakes 
sparingly. 

8.  Repeat  procedures  from  step  3 
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TEST  PROJECT  SAFETY  REVIEW 


safety  bcview  request 


safety  re  vie*  board  action 


URTHEft  HAZARD  ANALVSIS 


safety  REVIEW  board  members 


name.  GRADE  *  title 


Systems  Engr 


Operations  R 


BRIEF  DESCRIPTION  AND  JUSTIFICATION  OF  TEST 

'{/•«  additional  •/*♦#»  rl  plain  bo nd  pmpar  r I  naadaJI 


These  tests  are  a  combination  of  ground  and  fli 
the  F-15C  (PEP  2000)  aircraft.  Ground  tests  wi 
erties  and  Fuel  Gaqincj,  Engine  Trim  and  Static 
Flight  Control  System  Characteristics,  Taxi  Tes 
rier  Engagements,  Ground  Fuel  Transfer  and  Pres 
Failure  Modes,  Water  Entrapment,  Maintainabilit 
Flight  tests  include:  Takeoff  Performance  and 
Performance,  Longitudinal  Stability  and  Control 
Lateral  Control,  Static  Lateral-Aer lal  Ret ue 1 in 
Extension,  and  Landing  and  Stopping  Performance 
conducted  tc  evaluate  the  impact  of  the  PEP  200 
tablished  Performance  and  Flying  Qualities,  Sys 
Aircrew/Maintenance  Procedures.  The  Electronic 
and  Environmental  Systems  will  not  be  evaluate 
tions  will  be  limited  to  stores  currently  certi 
however  external  tanks  will  oe  filled  with  wate 
This  test  program  was  requested  by  tne  F-15  Sys 

REFERENCES 


ght  tests  to  evaluate 
11  include:  Mass  I'roo- 
Thrust  Calibration, 
ts,  Staking  Tests,  hai-- 

■  sur i ration ,  Fuel  System 
y,  and  Human  Factors. 
Flying  Qualities,  climb 
,  Maneuvering  r’l.  :ht  , 
g.  Gear  Retraction  anil 

These  tests  will  be 
0  modifications  on  os¬ 
teins  Qualities,  -i  iid 

■  Wa  r  i  a  i  e ,  Radar,  Wean  o  n  r. 
d.  The  test  conti  :.jr,i- 
tied  on  F- ) jD  aircraft: 

r  for  some  ground  ♦ost.s. 
tem  Program  Office  Add  V 


1.  Air  Force  Technical  Order  1F-15A-1,  Flight  Manua  1  ,_0SAF^  Series  F- 1  ru 
A/B  Aircraft,  Revision  D,  Change  1,  1  May  79.  ~^Con tinuod  ^rTn  Atch’ Shoot’}. 


final  COORDina* <0! 


mi 


AFFTC  ,Vr5i  W 


rq(V  OUS  YO'TlONS  ARf  Jason 


VI. 


1.  The  SRB  was  held  at  1300  hours  m  the  Directorate  of  Safety  Confer¬ 
ence  Room  on  17  July  1979.  In  addition  to  the  board  members  listed  in 
Section  III,  the  following  personnel  were  present: 


2.  Test  Description:  The  Production  Eagle  Package  (PEP)  2000  modifica¬ 
tion  has  increased  the  internal  fuel  capacity;  increased  the  takeoff  gross 
weight  capability  to  68,000  Lbs  and  added  provision  for  conformal  tanks. 
The  main  landing  gear  assemblies  have  been  modified  to  accomodate  the 
increased  takeoff  weight.  These  chances  include  increased  strut  uressuie 
new  wheels  and  brakes,  increased  tire  pressure  and  a  new  anti-skid,  wheel 
speed  sensor.  Numerous  minor  changes  co  the  routing  of  hydraulic  and 
electrical  lines  as  well  as  flight  control  linkages  were  made  to  accomo¬ 
date  the  increased  internal  fuel.  The  test  aircraft  also  has  been  modi¬ 
fied  to  increase  the  rudder  hinge  moment.  The  intent  of  the  desun  lor 
these  chanqes  was  to  maintain,  as  much  as  possible,  the  sane  handling 
qualities  as  the  F-15A/B. 

This  test  series  will  address  the  impact  of  these  changes  of  the  aircraft 
operation  with  the  following  evaluations: 

a.  Ground  Tests 

(1)  Aircraft  mass  properties  *nd  fuel  gaging  character l st les 
will  be  investigated  by  use  of  the  weight  and  balance  facility.  Fuolin 
operations  will  b  performed  in  the  weight  and  balance  hangar  while  the 
fuel  gaging  system  is  powered  to  determine  eg  variations  and  fuel  system 
characteristics. 

(2)  Standard  engine  trim  and  static  thrust  calibration  will  be 
performed . 

(3)  Evaluation  of  the  breakout  force  and  hysteresis  of  the  filch 
control  system  by  performing  control  sweeps. 

(4)  Taxi  tests  at  light  and  heavy  weights  (58,780  lbs)  to  eval¬ 
uate  handling  qualities,  gear  loads,  and  minimum  radius  turns. 

(5)  Braking  tests  will  evaluate  brake  and  antiskiu  performance 
at  gross  weights  up  to  59,400  lbs  and  uc  to  80%  of  brake  energy  capacity. 
The  tests  will  be  oerformed  on  both  wet  and  dry  runway  surfaces. 

(6)  Landing  gear  loads  and  structural  margins  will  be  evaluate.: 
during  barrier  engagements  with  the  BAR  -  i  2F.R  and  BAK-ii  barriers  at  -tress 
weights  up  to  60,000  lbs  with  both  on  and  off-center  engagements  and 
speeds  up  to  140  knots. 

(7)  The  fuel  system  will  be  evaluated  during  normal  ground  refue1 
and  defuel  ing  operations.  Proper  fuel  system  operation  will  he  "erified 
by  the  use  of  several  normal  servicing  and  trouble  shooting  T.O.  proced¬ 
ures 

(8)  Maintainability  and  human  factors  evaluation  will  be  conduct¬ 
ed  qualitatively  throughout  the  test  program. 

b.  Flight  Tests 

(1)  Takeoff  performance  and  handling  qualities  both  normal  and 
single  engine. 

(2)  Military  check  climbs. 

(3)  Longitudinal  trim  and  irl«?t  structural  verification  will  be 

(Continued  on  Attached  Sheet) 
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accoinol ished  with  level  accelerations. 

ITEM  IV.  CONTINUED 

REFERENCES  CONTINUED 

2.  Air  Force  Technical  Order  1F-15C-1,  Flight  Manual  U5AF  Series  F-13C/1) 
Aircraft,  1  Feb  79 

3.  AFFTC  TR  7  6-4  8,  F/TF-15A  Flyinyi  Qualities  Air  Force  Development  Test 
and  Evaluation  AFDTS.E)  ,  Vol  I  and  II,  Final  Report  ’(SECRET)  ,  July  1977 

4  AFFTC  TR  75-36,  Fuel  Subsystem  Evaluation,  Final  Report,  October  1975 

5.  AFFTC  TR  77-7,  F-15  Pt?r formance  Air  Force  Development  Test  and  Eval- 
uation  (AFDT&E)  .  Final  Report  (CONFIDENTIAL)  July  1977’"' 

6.  AFFTC  Form  28  Control  No.  78-70,  F-16  F5D  Arresting  Hook  System. 

2 1 85 AO,  7  Aug  1973. 

7.  AFFTC  Form  28  Control  No.  79-11,  F-1S  Dunlop  Carbon  Brakes  2098AO, 

25  Jan  1979. 

ITEM  VI  REMARKS  CONTINUED 

(4)  Pushover,  pul  lap  and  windup  turn  maneuvers  will  be  acco::.;.  - 
lished  to  evaluate  maneuvering  flight  characteristics. 

(5)  Roll  performance  with  360  degree  and  90  decree  rolls. 

(6)  Latera 1-direct iona 1  stability  will  be  evaluated  using 
steady  heading  sideslips. 

(7)  Short  period  and  Dutch  Roll  characteristics  will  be  uvj;  ju-.* 

(8)  Handling  qualities  du. ing  tracking  (HQDT)  using  stands:  .1 

profiles  will  be  evaluated.  j 

(9)  Fuel  system  operations  will  be  evaluated  during  all  ohases  ' 
of  flight  as  well  as  aerial  refueling. 

(10)  Landing  gear  extension  and  retraction  in  flight  will  be  eval¬ 
uated  to  verify  the  existing  tiiiht  envelope. 

t 

(11)  Cross  wind  landings  .it  light  gioss  weights  with  heavy  ser¬ 
vicing  of  the  landing  gear  up  to  30  kts  of  cross  wind. 

I.  general  Procedures. 

i 

a.  Direct  comruni  cat  ions  between  flight  crew  and  test  cond.vt">: 
will  be  maintained  durini  all  '.i-sts  and  the  tost  conductor  will  iruv.C. 
point- tn-poxnt  clearance  on  test  points.  Build  up  will  be  used  on  all 
[tests. 

b.  The  mass  properties  evaluation,  engine  trim,  tliqht  cun*  r  ol 
and  taxi  handling  qualities  tests  will  be  performed  prior  to  first  flight* 

c.  Engine  calibrations  will  be  accomplished  prior  to  performance 
cv j 1 ua t ions . 

d.  After  approximate!-,  eight  weeks  of  testing,  additional  ins¬ 
trumentation  will  be  added  to  monitor  structural  loads  ~>n  the  landing 
gear  and  *ail  hook.  Those  modi  1 icat ions  in-  required  prior  to  the  :uar- 
ti  tati-.  e  xi  tests  and  ban  nr  engagements. 

e.  Braking  tost s  will  bo  performed  as  soon  us  oractical  durin: 
the  test  phase.  Contractor  and  *\FPE  tests  have  already  tested  the  brake 
system  to  50%  energy  levels  and  veriried  system  operation. 

f.  Aerial  refueling  will  be  used  throughout  the  flight  test  pro¬ 
gram.  Fuel  system  failure  modes  tests  will  be  con.uleted  prior  to  aerial 

(CONTINUED  ON  ATTACHED  SHEET) 
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reiueling  with  external  tankr..  Mass  proport  its  tests  will  cri¬ 

tical  eg  tuel  loadings  and  these  conditions  will  be  monitored  dui ing 
ref  uol ingoperat ions . 

g.  All  flight  tests  at*'  within  T.  '.  limits.  All  test  conditions 
are  CAS  on  and  control  ratios  Al;TO  except  :or  seme  of  the  dynamic  stab¬ 
ility  test  points  ami  some  ot  tne  HQPT  tests. 

h.  Landing  tests  will  be  oertormed  on  the  main  runway  except 
that  the  :ro.;s  v;;ij  landings  nay  be  perrorn.ed  as  touch-and-gos  on  tne 
lakebed . 

4.  Specific  Procedures: 

a.  Engine  trim,  flight  control  evaluations  and  fuel  system  eval¬ 
uations  will  be  in  accordance  with  established  maintenance  procedures. 

b.  Operations  in  the  Weight  and  Balance  facility  will  follow 
established  procedures. 

c.  Firefighting  equipment  will  be  on  standby  for  all  fuel  sys¬ 
tem  ground  tests. 

d.  Taxi  tests  on  both  wet  am!  dr-  surfaces  will  bo  perto:  t  -g  n 
cleared  ramp  areas  which  will  allow  adequate  room  to  stop  strai jht  unc-ud 
without  obstructions. 

e  Firetrucks  and  crash  rescue  will  oe  on  standby  for  barrier 
and  brake  tests. 

f  Barrier  tests  will  be  performed  on  the  barrier  test  *  v*  i  1  *  * v 
at  South  Base  m  accoi  l^no  with  AKfT<*:?  80- i*.  burnt  :  tests  wi  j  .  ii.  - 

continued  when  approaemn;  T5*  tail  hook  ultimate  load  or  tm.,  lateiai 
limit-  load  ••n  the  landing  g<.ar. 

g.  High  energy  1  r  ike  s  and  s  i  n  ; le-e*-  : « r.  -»  t  .lkeot  *  .  wi  i  be 

oerforned  on  runway  04  to  allow  overrun  into  t  he  lakot-od. 

h.  Single-engine  Ukcot  ts  will  utilize  a  two  engine  i»l.v  it  i  >  , 
to  an  intermediate  speed  billowed  by  ..  s  i  n>;  ie-en  :  me  takeoff  w .  ♦  k  ♦ 

’’bad"  engine  in  idle.  Tins  is  to  maintain  takeoff  roll*  .it  or  louw 
10,000  feet. 


i.  Prior  to  single-engine  takeoff  tests,  s  in  il  o-ong  in«  --.l-ib 
performance  at  i000  feet  All  and  s  i  m:  1  o-onq  i  no  handling  qualitie  . 

5000  leot  AGL  will  be  evaluated. 

5.  1000  foot:  minimum  separation  between  tracker  and  taigct  will 

oe  maintained  ilurimi  dyPT. 

h.  Safety  chas e  is  not  required  When  chase  is  used,  s? andur  1 
chase  procedures  will  bo  followou 

5.  The  SRB  reviewed  the  attached  UIA  ind  the  board  con?'  1  ler  *mi  the  si 
test-;  *0  bo  Low  Risk  except  tor  the  brake  tests  and  the  barrier  tests. 

The  Brake  Tests  were  considered  Medium  Risk  due  to  the  uncoi 
tain'  ,  v  heat  dissipation  charactei  1st  les  ot  *  he  now  bt  uko  and  wnee  L 
assembi > 

The  Barrier  Tests  were  considered  Medium  Risk.  Although  the 
prODUtility  of  loss  of  control  is  considered  low,  little  can  be  done  t'- 
minimize  tne  potential  effect. 
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OPERATING  HAZARD  ANALYSIS  >»NM- 


APFTC 


NO  HAZ  ArvD  ANALf  $1'. 


